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LETTER OF TRANSMITTAL.

Somoorn or MiINEs, CoLUMBIA COLLEGE,

New Yorx, June 1, 1882.
ITon. Omag., W, SEATON,

Superintendent Tenth Census.

Sir: I hiawve the honor to forward to you the report of Mr, Walter G. IElliot on the water-supply of certain cities
and towns of the United States. TUnder Gen. Francis A, Walkoer’s direction the subject was taken up by the division
of the census nndor my cimrgo, and Mr, Blliot, of this city, was appointed to visit a large number of the prineipal
cities and towns of the country, and to ascertain by personal examinations and inquiries every thing of public interest
connected with the water-supply of such towns, ITis report therefore contains alarge amount of valuable information
which can not be found elsewhere. _

Theo statistics published in connection with Mr. Elliot’'s report of towns not mentioned by him were collected
by correspondence directly from my office, this work having principally been accomplished by Mr, Fred. N, Owen,.
of New York, & graduate of the School of Mines, Columbia College, to whom I was indebted for much valuable,
assistance in the prosecution of the census work intrusted to me by General Walker,

T have the honor to be, very respectfully, your obedient servant,
W. P, TROWBRIDGE,
Oldef Special Agent, Tenth Census:
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INTRODUCTION.

In a consideration of the water-works of the country and a description thereof, it has been found convenient
to group them according to their systems of supply, rather than according either to the population of the cities,
or to the magnitude or peculiaritics of these systems. Iror this purpose, therefore, the systems have been classed
as follows:

1, Groavity supply ;

2. Dirveet pumping;

3. Pumping to stand-pipe;

. Pumping threugh stand-pipe, the surplus above consumption passing to reservoirs;

5, Pumping throngh stand-pipe to reservoirs ;

6. Pumping divect to veservoirs ;

7. Pamping by water-power,

8. Combinations. .

Nos. 1 and 2 may be considered pure types, and the rest merely modifications of these types; but the distinetions
hawvo been used for convenience in reference.

A pure type of cach system will be described in the course of this report, and, as a rule, the largest and most
complicated of each will be solected as embodying all peculiarities contained in the smaller and gimpler ones.

Thus, of the eight systems, we may consider New York and Doston as types of No. 1; Bulington (Towa) and
Indianapolis as types of No. 2; Chicago, Toledo, and Sandusky as types of No. 8; Providence and Memphis as
types of No. 4; Nashville as a type of No. 5; Lowell, Pittsburgh, and Cineinnati as types of No. 6; Manchester
(New Iampshire) and Bangor as types of No, 75 and Philadelphia as a type of No. 8, '

It has been the endeavor, so far as possible, to obtain details of cost of the pure types, in order that a comparison
of the original and maintenance costs may be made. Wherover possible to obtain them, photographs of pumping-
engines, pump-houses, stand-pipes, drawings, ete., have been added to aid deseription and to exhibit peculiarities.

Ttems of interest—facts obtained by observation from &ivil and mechanical engineers and superintendents
of works—are given when they appear trustworthy, and details not obtainable by personal examination, or by

=

‘personal application to the engineers, have been frecly takon from printed reports.

Tu the different pumping-stations thero is an endless variety of engines, with all grades of duty from 15,000,000
to 120,000,000 foot-pounds. Cornish engines, of which there are a considerable number, are usually of a eapacity of
from 3,000,000 to 10,000,000 gallons per 24 hours; and while, as a general rule, they show high duties, they aro
invariably very expensive in first cost, and are so cumbersome that it becomes a long and difficult operation to
execute repairs, They have been erected less frequently each year.

WATER-PIPTES.

With regard to the use of different kinds of water-pipe mueh can De said pro and con; but wrought-iron and
cement pipes are being gradually replaced by cast iron in towns where they have been used for any great length
of time.

Tt scoms to be the verdict of engineers and water-works authorities generally that cast-iron pipes are strongest
and most durable, most expensive in first cost, most liable to incrustation save when coated with tar, as in modern
practice, most easily laid, tapped, and manipulated, and require least excavation. As to their durability, those
which were first used in the country were laid with no coating on the inside, exposing a rough cast surface to the
action of water flowing through them for from 20 to 30 years. The result was a rapid formation of tubercles, and
consequent reduction of the effective diameter. This has taken place in many instances to such an extent t.hat, in
cases which I have seen, & 16-inch pipe has been reduced to 12 inches, and one of the latter diameter to 6 inches.
They had been buried ten years. A 24.inch main, which had been coated before laying, in one of the thorou ghfares
of New York, on being removed in sections after 10 years’ use, had this formation to a thickness of 1 inch.
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2 INTRODUCTION.

Undoubtedly cases of much greater incrustation have been encountered in different cities, but the ubpve, coming
under my observation, will serve as illustrations. On the other hand, cement-lined pipes are 0110211)81: in flest cqst,
the joints are easily made, and their diameter remains undiminished indefinitely. As originally laid, such pipe
consisted of a thin shell of sheet iron lined with 1 inch of Portland cement, and jointed togoether at.‘, the ends in a
variety of ways. 1t was afterward laid in the trench and surrounded with coment or conerete: T]}IS class.rustcd
badly, and soon wore out. An improvement upon it was an exterior coating similar to the interior. tl‘hls lasty
much longer, but is fragile. Later improvements promise better results. Bored wooden logs are now httle. used,
buthave done good service. They are still laid to good purpose in Detroit (¢. v.), and are the cheapest yet designed,
A very common but unscientific practico is the placing of iron gates in cement mains. Incrustation soon diminishes
the effective capacity of the pipe to that of the incrusted gates.

FILTERING BASINS.

Tiltering basins are those in which the water is allowed to flow freely upon beds such ag below deseribed, and,
after downward filtration, is collected in a well or chamber at one end. There are but few of these in tho country.
‘Where used they are of uniform construction, differing only in shape to conform to peculiavities of topography.

Generally speaking, the water is allowed to percolate through about 4 or 4} feet of sand and gravel in layers,
the lowest being about 12 inches of 4-inch stones, overlaid with 8 inches of smaller stones, and that in turn by from
1 to 2 feet of gravel, the' top stratum being from 1 to 2 feet of fine sand. 'Where most effective these basing ave
supplied by gravity from some stream, on the banks and below the level of which they are situated. The amount of
water filtered in a given time varies greatly with the head of water on their surface, length of time in use, length of
time since cleaning, character of organic or mineral matter in suspension, ote. This matter is therefore given as
minutely as possible in the report upon each city where filters are in use, They are expensive in construction, and
therefore are seldom built of sufficient capacity to be of use for more than a few years at a time, and are a constant
source of trouble. The best types may be seen at Burlington, Towa, and Bangor, Maine. Quite o number have
been built and after a short use abandoned, as seen in Toledo, Ohio; Providence, Rhode Island; Columbus, Ohio,
and other cities. Lowell, Massachusetts, has a filter of pecnliar construction, but of only partial efliciency, owing
to small size and rapid fouling.

The greatest difficulty is experienced in the filtration of water bearing much clay in suspension, the operation
being so troublesome and expensive as to warrant in many cases the abandonment of such a source of supply. The
trouble arises from the fact that it requires much time to sottle if first led into subsiding basing. After & brief
weriod it clogs up the interstices in the sand of the filtration basin, or forms an impervious clay coating, all action
thersupon ceasing. In Toledo at times the diminution in the quantity of water flltered was so rapid as to be
perceptible each day. Aquatic plants seldom prove troublesome in this respect, though always more or less so at
the screens of inlet-echambers.

Impounded waters are almost universally troublesome at certain periods, owing to the so-called ‘“fishy? odor
and peculiar taste, which seems in no two cases to be aseribed to the same cause. .As a rule, it does not appear
noticeable in the bodies of water themselves, but develops itself after passage through the pipes on being drawn
from the faucets., Trouble from the aquatic plants which appear at certain seasons of the year is usually prevented
by changing the depth at which the water is drawn. One of the simplest methods of accomplishing this is by means
of the apparatus described under Norwich, Connecticut.

Of infiltration galleries, where water percolabing through the surrounding soil is collected into a gallery or
tunnel and thence flows to the collecting well at one end, the best type is found at Columbus, Ohio (¢. ©.), where the
supply is obtained from a sand and clay soil. .Another instauce is at Dubugue, Xowa, where water is supplied from
crevices in the limestone. ‘Water thus obtained is generally of remarkable purity, although in the case of Dubuque
it is hard by reason of the carbonate of lime dissolved out of the neighboring rock.

COMPARISON OF SYSTEEMS.

A careful examination of the report will show that the gravity system is mostin vogue in the East, wheve the
country is more mountainous and the settlement of earlier date, and the Holly or the stand-pipe system in the West,
where the country is level. The gravity system is, as a general rule, operated with less expense than any other,
save the Holly system run by water-power; it is usually more expensive in first cost, thereby necessitating a greater
amount of annual interest. The increase in cost is due to extra length of conduit required by the remoteness of
the source of supply, and in most cases to the cost of a distributing reservoir, for the same reason, There are but
few cases in which such a reservoir is dispensed with in a gravity system. The dam is also an expensive necessity.
‘Where water-power is available, the system of direct pumping with a Holly engine seems to be the most economical

in every way. Illustrations of this may be cited in the case of Manchester, New Hampshire, and Bangor, Maine,

Ilezwing5 1c;;ut of consideration the cost of a filtering gallery in the latter instance.
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PURITY OF WATERS.

The purest and best drinking waters are those derived from springs in granite, trap-rock, and sandstone
formations. Nextin order of purity are the impounded waters of small streams, uncontaminated by passage through
manufacturing or cultivated distriets. These, however, usually contain more organic impurity than the former.
Wells properly located in sandy districts furnish a supply free from mineral impurity, and almost wholly without

-organic contamination.

The supplies derived from rivers, of which system there are probably the largest number of examples, vary

from exceeding purity to water almnost unfit to drink, as in some cities where the rivers are polluted with sewage,

and often are of very bad odor. In such cases it is not unusual for visitors to be affected as soon as they drink

-of the water. In the case of the Mississippt and Ohio rivers, the mechanical impurities are in such amount as to

render the water unfit for nse without settling or filtration.

ILLUSTRATIONS.

Many of the illustrations were made from photographs taken upon the spot, and from which the photo-engraved
plates were executed.
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WATER-SUPPLY OF CITIES.

1.—GRAVITY SUPPLY.

NEW YORK, N. Y,

The city of New York contains 1,206,299 inhabitants, and is located at the confluence of the TIudson and
Joasb rivers, the latter being a tidal estuary connecting New York bay with Long Island sound. The main portion
of the city is limited on the north by a small tidal stream known as Iarlem river, and connecting the East and
TLudson rivers at points respectively 7 and 13 miles from the southern extremity, a point known as the Battery.

Topographically, from Canal street (14 mile from the Battery) to the lower end, the city slopes each way from a
central ridge (Broadway) to the rivers. Canal strect, at right angles to Broadway, is in a Iollow at nearly tide-
lewel. Above this point to One hundred and twenty-fifth street, 6§ miles, the ground gradually rises to a total
height of from 106 to 160 feet above tide-level. Above this the topography is execedingly irvegular, varying from
ticte-level to 200 feet clevation,

Geologically but two classes of material seem to underlie the city—gneiss rock in most places, and alluvial
cleposits or sand in the remaining parts,

Water from the Croton system of lakes and ponds was flrst introdoced into the eity in 1842, Ineffectunal
attempts had been made a number of times Dhefore to supply the city from wells, ponds, and small creeks within
thie city. In each case the water had proved insufficient in quantity and poor in quality.

Tho system in use is o gravity supply derived from o series of small lakes and brooks in Putnam and Westchester
connties, at the conflnence of whieh, known ag the Croton river, a dam has been constructed, from which a hrick
and masonry conduit conveys the watier about 40 miles into the city. At the crossing of the ITarlem river a bridge,
known as Iigh bridge, of masonry, with fifteen arches, 50 and 80 feet span, conveys the water over the river
through three pipes, two of 36 inches and one of 7 feet 63 inches diameter. At the sonthern end of tlie bridge
o seb of pumping machinery draws water from the conduit and forees it into n high-service reservoir of small
Aimensions for the sapply of an elevated district about Fort Washington and Washington Heights. Trom here the
masonry condnit continues to Manhattan valley. It crosses the latter along Tenth avenne by means of iron pipes,
the greatest depression of which is 105 feet below aqueduet line. There ave two 36-inch pipes, one 48-inch pipe,
and one 60-inch pipe. They are connected with the aquedunet at each end through masonry gate-chambers.

Trom about One hundred and seventeenth street to Ninety-second street,'iron mains convey the water to gate-
Iiouses ab the latter point near Ninth avenue.  Trom the gate-houses the water flows through part of the original”
aqgueduct, and also through pipes (details of which could not be acenrately ascertained) eastward into the receiving
reservoirs in Central park between Tifth and Seventh avenues.

There are two of the latter, one built in 1840 and the other in 1862, The former is now almost uscless. TFrom
Iiere the water flows through Tifth avenue to a small distributing reservoir of masonry at Forty-sccond street to
Xortieth street; this reservoir is about to be removed on account of its small capacity, it holding less than one-
quarter of o day’s supply. The Central Park rcediving basin will then become the distributing reservoir of the
Sy stem.

The Croton river has its origin in Putnam county, New York, and is fed by small brooks and lakes on its
course to the Hudson xiver, inte which it empties just above Sing Sing, on the east bank of the river, 40 miles
above New York. The geological structure of the country through which it flows is of gneiss, mica, slate, and
Samndstone formations, with a little limestone. ‘

The entire drainage aren of the Croton river is caleulated from surveys of 1857-'58 at 338.82 square miles, and
there are fifteen main ponds and lakes in which the water is gathered or stored; most of them, having had the
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original proprietors’ names attached, are now designated by letters of the alphabet. The following list gives
particulars concerning them:

. DAL, L ; Distance Elova
Reservoir. | Aren. | Capacity, |DINDOE Y l,tfﬂ‘(‘f;'.ﬁ}(‘,.ﬁ. _ C:if {?ﬁ’l“ tlova
depth. | length, '
Acres, Gallons. 8q.miles.| Feet. Feet, TFeet, Miles. Peet.
Aecovarmnannoan. 485,00 | 5,211, 015, 626 20. 45 04 1, Goo 12,800 0,80 890
£ 182.00 | 1,701,835,837 15,20 66 1,700 6, 000 12.75 500
o RN 730.00 | 6,589,101, 562 13,71 43 1,700 16, 606 14,30 550
Diverarrencacnnns 1,008.00 | 9,038, 632, 812 41,95 48 770 | 21,000 20.26 500
803,00 | 3,809,200, 857 20,87 64 700 7, 600 23,76 300
600,75 | 6,120,336, 037 12,5V 21 1,560 10, 600 15, 60 560
... 452.50 | 4,881,035,150 20, 80 73 B41 12, 200 18,70 875
...| 884,67 | 2,480,002, 500 75,46 40 546 | 14,748 | * 10.80 878
.. 449.00 | 4,205,820, 054 70, 62 62 831 12,745 20, 45 415
.| 10188 | 2, 814,074,703 102 69 1,811 11, 016 28,71 600
512,74 | 5,071, 449,210 78, 00 72 004 14, 809 1621 275
202,75 | 2,828,217,733 20,80 74 787 13,120 10, 54 2056
492,26 | 4,802,131, 446 23,34 72 020 12, 300 13,83 810
... 107.00 | 1,076,049,171 80,00 60 680 8, 630 7.71 250
.| R30.47 | 2,182,337, 100 17,82 00 1,170 7,020 0.07 805

Of the above list, only two are artificial, that at Boyd’s Corners—reservoir B—and that at Middle branch of
‘Croton river—reservoir Gr; but it is intended eventually to dam all of the outlets from the natural lakes and ponds
and convert them into storage reservoirs of greater capacity. The dam at B (Boyd’s Corners) is one of the finest
and best-constructed masonry dams in this country.

These two dams, built at a cost of $1,610,000, will be described separately. The minimum flow of the Croton
river is stated at 27,000,000 gallons per day, and the daily average in dry yoars varies from 300,000,000 to
367,000,000 gallons. = Of this amount, at present only about 100,000,000 gallons (95,000,000 in 1880) passes through
the aqueduct for consumption in the city.

The Crofon dam, having been first constracted, may appropriately be described here, The chief engineer of the
work was John B. Jervis, O. ., with Horatio Allen, O. ., as first assistant.

The dam, which backs up the water for several miles, forming Oroton lake with an arca of 400 acres, is 434 feet
long, 284 feet of which is in masonry and the remainder of earth embankment.

The greater part of the structure rests upon a stratum of alluvial soil containing bowlders, the left bank,
however, being granite and gneiss rock.

The piers C and D, of timber, with walls connected Dby ties, were first constructed and filled in with stone.
The top was planked, and upon it the two smaller wooden piers F and G were built and filled in as befove, Pier
F was planked on top. '

The space E wasthen filled in with concrete, and the tops of F and G were connected by ties of timber. Another
pier, H, was then constructed in front of D, the top in front of it being filled in with concrete.

The piers K, K, in four compartments, were put down, two being filled with concrete and two with stone. They
were of 12- by 12-inch timber, and the top was covered with a planking laid upon & slope rising 8 feet in 35 feet, as
- shown in the cut. The front of this “apron? is protected by another pier of timber filled witly stone and faced
with heavy planking,

Upon the foundations B, D, G, and H, already described, the masonry of the dam was constructed. It was
fet in hydraulic cement, the main body being laid in horizontal layers, and the facing of finely ent granite Llocks
bonded together being laid in a reversed curve. At the crest it is convex, and has a radius of 10 feet, This
ceurve at a few feet below the crest tangentially joins the reverse or concave carve built to a radius of 55 feet.

The general objects of this arrangement and of the apron, the details of which are given in the cut, are to
break the fall, and, as nearly as possible, to conform to the curve of the overfalling water. The face blocks are
from 17 to 24 inches wide and 24 inches deep.

The upstream side of the dam is filled in against the piers and masonry with earth, forming a gentle slope
up stream. TFor a distance of 20 feet from the crest this embankment is paved with granite Llocks, Inid dry to
prevent damage by wave-wash. From the right end of the overfall to the right bank the dam is of earth; details
-of the construction could not be obtained. '

Near the left end of the dam, 90 feet from the river-bank, a waste-culvert is built through the masonry 22 feet

below the crest, and closed by two sets of gates operated from within a gate-house 14 feet square, situated on the
<crest and reached from the river-bank by a foot-bridge.
- beR
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8 WATER-SUPPLY OF CITIES—NEW YORK, N.Y.

A secondary dam is built 300 feet down stream from the main one. It isof timber filled with stone, and
is intended, by backing the water between it and the main dam, to keep the timber piers X and L of the latter
always submerged. A waste-weir is built in i6 near the left shove, arranged so that all the water above it may be
drawn down.

The Croton dam elevated the water of the stream 40 feet, making the water-surface 166 feet above mean tide,
aund containing an available quantity in the Croton lake of 5,000,000,000 gallons.

CROTON LAKE

CROTON AQUEDUCT.

The Croton aqueduct, which conveys the supply to the eity, starts from the left bank of the river immediately
above the dam,in a tunnel 180 feet long through the rock to the gate-chamber.. Throughout this length it is
somewhat larger than the rest of the aqueduet.

180 = RE) 20 )
i &
¢ i /( .
1 | e T,
it <= ;rl et
N
o Tunuel
(" .
g % >
i) W
lTarg S, 0‘@

The large reservoir at Boyd’s Corners on the west branch of the Oroton, 23 miles above the Croton dam, is
formed by a masonry dam constructed in 1870, and which has been the subject of a paper by Mr, James J. IR, Croes,
eivil enginecer, before the American Society of Oivil Engineers(a)., The facts hiere given concerning it have heen
alniost exclusively derived therefrom,

The dam, as originally designed by George 8. Greene, civil engineer, and earricd into exeeution by Mr. Croes
ag chief engineer, is one of the finest masonry dams in the country.

The reservoir has a water-surface of 279 acres, a maximum depth at the dam of 57 feet, and an average depth
of 30 feet,

The capacity is about 2,729,430,000 gallons, and the dam is sitnated between two lines of hills (which at this
Doint closely approach each other), and at right angles to the valley. The formation beneath the stream here was
gneiss, and fine-grained, hard, blue rock, overlaid by pervious, compaect, gravelly earth and drift. )

The dam was built of masonry for several reasons: (1) The liability of the stream to sudden and heavy freshets,
which would have destroyed a half-finished earthern dam; (2) there were no suitable materialg for puddling at
hand; (3) good quality and large quantities of building-stone were close at hand.

The cut (page 9) shows many details, which need, therefore, no description.” Below the stream-level the
foundation is of concrete, with large unhewn stones scattered through it, as shown. Above this level hewn blocks
in courses face the concrete on the upper and lower sides. The large stones in the concrete center extend for 15
feet above the stream, and above this only gravel and small stones are used. _

The lower line of the masonry is 325 feet from end to end, and at top it is 670 feet long. The upstream face is
vertical, the other is inclined, with a batter of 1 to 23. Total height above rock bottom, 78 feet; width or thickness
at base, b7 feet; at top, exclusive of coping, 8.6 feet. High-water surface, 3 feet below top of dam.

The gate-chamber, which is built on thelower side and near the left bank, is a plain arched ehamber of brick-worl,
about 22 by 18 feet, and contains the gearing and appliances for operating the gates. There are two water-ways
through the dam, a length of 39 feet, and each is 4.25 feet wide by 4.25 feet high, of brick in cement. The bottoms
are 10 feet below the floor of the gate-house, and are 4 feet apart. Total depth of floor of water-ways below top
of dam, G0 feet. A waste-weir is excavated in the rock around the left end of the dam, and the overfall at that
eud was arranged in three sections, the one at the extreme end cut in the rock, being 30 feet long at flow-line, the

« Published by the society in February, 1875.
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second 9 inches higher over the masonry and 100 feet long, and the third 13 foot above flow-line and 70 feet long.
The rock at the base of the face-wall was cut in steps for 220 feet. Grooves for stop-plank were built in the
upstream face of the dam over the water-ways.

e\ W

D

SRR
\\\
S WY

i

e
N i
M
SRR
e
s

i
]

o
5
=
s &
' g
| 3
i ‘. 2]
1‘ \“\ % ’g
It; g
Hit Q
i :
i g
il g
t
l!:}
I
kg
ol ' i
T g
Y :
i 2
fi %
fl I’l g
i g .
i YL 3 &
H
L] ik :
3 .|.,I i 4 ,:«_j 2 %
if !In u i : ;
Sayanty THIR 3 &
" 1] J ij " |21
4 ‘| '1 a“g’ﬁ 8 2
) ' a
‘ H fh r tﬂinL 3 E
. g L
. } i A
? ‘\ st ?-_jﬁ g
[ ity . d
izt I 2
L M Z
|} e . g
i ¥ ,‘ i §
: . % M H g é
‘ i : f
: i i é |
i # j.j ‘i P i
i vy ol F o O
If i “H; A Eq En S
' T it -
\ \ =
‘ ) L@r_f‘ W g a
iyl ;
— ! I it =} =4
! LT ;.; 5 5
sl et g =
1 "*_‘ ! ﬁ 8
% i i % S
o .
E % E &
i
i ~ 10 \
! \ s 3:3 i B
e g w
| ?"J ??‘,um-; il ,lﬂl{ iz 5
"~ il & ;
i i ) il § 3 8
i ]2.. i SN R N &
i AR 5
(K i ' N ‘ | E
) _
N | &
R '
S

Axn earth embankment was built against both sides of the dam for 10 feet above stream-level. A change in
the management of the Croton aqueduct department occurred in 1870, when the construction was nearly completed.
The new officers altered the original plans and built an earth embankment against the upstream or vertical face
of the dam, with a slope of 5 to 2, and 20 feet wide at top. At the toe of the slope, in front of the water-ways, &
masonry tower was built above the water-surface, Grooves for stop-plank were built in it, and from its foot two
36-inch iron pipes were laid through the embanlkment and water-ways, and carried several hundred feet below the
dam. The rock excavation at the end of the same, for the waste-weir, Was increased to 100 feet in width,
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10 WATER-SUPPLY OF CITIES—NEW YORK, N. Y.

The result of these changes was to change the dam from one amply strong for any water-pressure, to a retaining-
wall for a saturated earth embankment, so near the limit of stability as to be almost if not quite unsafe, the earth
being more or less pervious, and no puddling having been used.
The cost of the whole to the completion of the original design in 1870 was $370,000, and the total cost to the
same date, including land, dam, roads, and engineering, was $590,000, Shortly after its construction the water
-lecd through the water-ways was converted into spray by a fountain-jet located a short distance below the dam, and
constructed for the purpose of acrating the water,

The dam on the Middle branch of the Croton river was constructed in 1878 by E. . Tracy, chief engineer of

construction. It is an earth embankment, with a central priming-wall of rubble masonry extending from rock
bottom to within a few feet of the top of the embankment,

I & PLAN OF AN M3 CCRTRE yap
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PLAN OF DAM FOR STORAGE RESERVOIR ON MIDDLE BRANCI OF CROTON RIVER.

The waste-weir is a ehannel cut in the rock, and, as in the Boyd’s Corner dam, the water is drawn off through
a tunnel in the rock around one end of the dam,

The dam is 740 feet long at top, raising the water-surface to 370 feet above datum. It is 50 feet wide at top,
and the thickest part of the bottom is 380 feet. Total height from bottom of foundation of wall, 91 feet. Depth at
which water is drawn, 63 feet. Slope of water-face, 5 to 1; of downstream face, 3 to 1. The top is 10 feet above
high-water surface. Thickness of central priming-wall, whwh rises to within 3 feet of the top of the dam, 8 feet.
This wall is built of rubble in cement magonry, and is of the same thickness throughout most of its height, save at.
its base, where it i3 increased to 16 feet, The face of the dam is riprapped 3 feet deep with rubble in cement, laid
upon the face of the earth banle. The capacity of the reservoir formed is 4,004,000,000 gallons, with a water- surf’mce
of 433 acres. The ground submerged was entirely meadow-land.

A wagste-weir cut in the rock at the westerly end and around the dam is 100 feet in width, joim‘ng the river-bed
about 320 feet Delow the foot. Tho water is drawn from this reservoir through a tunnel around one end, and
started abovo the inner too of the dam, as shown in the cut, 63 feet below high-water mark and 285 feet long, fitted
with sereens and gates. Immediately after passing the middie of the dam two 30-inch iron pipes, with 30-ineh stop-
gates, replace it and convey it to the toe of the lower slope, where four 20-inch mains discharge the water in the.
fountain for aeration into the bed of the river below the dam.

The Croton aquednet Degins at the gateway, 180 feet below the outlet to Croton lake, and at this point is an
arched conduit of brick in cement. Detaily of the gateway are shown in the cut, At this gateway the water
passes through an arch in the bulkhead, @ a, the screens of brass netting, the guard-gates, and, lastly, through
the regulating gates into the aqueduct. The aqueduet at the gateway is enlarged in width as shown, and is again
diminished below the gates. The guard-gates are of cast iron in iron frames, and the regulating gates ave of gun--
metal. The following deseription is from the Report of the Department of Public Works, June 30, 1878:

The bottom is an inverted arch, the chord or span line is G feet 9 inches, and the versed sine 9 inches.

The masonry of the side walls rises 4 feet above the spring line of the inverted arch, with a bevel of 1 inch to & foot rise, or 4 inches-

on each side, which brings the width of the top of the side walls 7 feet and 5 inches, forming the abutments of the roofing-arch, which ie-
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a semi-cirele, having a radius of 3 feot 8} inches, or a chord line of 7 feot § inches. It will therefore he perceived the greatest interior
width is 7 feet § inches, and the greatest hoight 8 feet 6f inches, The area of the interior is 53.84 sgnave feet, Inrock tunnelsthe roofing-
arch is generally dispensed with, but the bottom and sides are formed with masonry similar to the above deseribed.

"Thero is an exception to this form in the fivst 4,949 miles of the npper end of tho aqueduct, where the side walls have an extra height
on account of the bottom being depressed to draw tho water at a lower lsvel from the Croton reservoir. The plan, dimensions, and
character of magonry are as follows: In exeavation a bed of conerete masonry is laid down as a foundation, Xt is laid lovel across the
bottom 3 inches thick at the center ¢f the inverted arch, and covered on its upper surface to form a bed for the areh, which brings it 12
inches thick at tho spring line, and is carried 3 inches thick under the side walls or abutments. The abutments ave 2 feet 8 inches thick
at the spring line of the inverted arch, and 2 feet at the top or spring line of {he roofing-arch. Tho inverted arch is of brick, 4 inches
thick, "Tho roofing-arch is also of brick, 8 inches thiek, 'The abutments or side walls are of rubble-stone with a brick facing 4 inches
thick., Spandrels of stone are caried np solid from the exterior anglo of side wall, on o line that is tangent to the arch, Where the bed
of conereto is formed for the inverted arch o heavy course of plastering is laid over it, on which the arch is laid, When the stone wall of
the sidoe walls was up, tho face that received the brick lining had its irrogularities filled with successive courses of plastering, and finally
o uniform conrse of one-fourth of an inch in thickness over the whole, in front of which the brick facing was 1aid up. A course of
plastering was also put over the roofing-arch,
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Below this point the aqueduet extends 1 mile along the river-bank to Lounsberry’s brook, whicl it crosses
with o culvert 66 feot long and 6 feet wide, and 44 feeb above stream-level. After extending 5 miles farther it
crosses India creek, also on a culvert 142 fect long, 8 feet wide, and 58 feet high. Near this it is tunneled throqgh
two hills; one of these tunnels is 740 feet in length, and the second 116 feet long, Half a mile far.t-her., Hoag’s Hill
tunnel, 276 feet long, is encountered. Trom here it extends to Bing Sing tunnel, crosses & stm‘zet in Sing Sing and
Kill viver on an aquedact bridge, the large or river span of which is 88 feet span by 83 feet rise, th_e crown of the
areh being 62 feet above ordinary river-level.  The arch is of stone, aboutb 3 feet thick at the summit, TFrom here
it passes throngh the Prison Farm tunnel, about a mile below, an carth and rock 011’0'416 feet long, nnd? a ghort
distance beyond, through another of 375 feet length,  Still farther, at o distance of 94 miles from th(? dam, it pas‘,ses
Hale's Brook tunnel, 260 feet long, and then crosses the brook on a culvert viaduct, the enlvert 1)@1?.1}3‘ 6 fect wide,
131 feet long, and 49 fect below the top of the back-filling. A mile below this point Ri.agr’s brc.)oljx is crossed by a
culvert 100 feet long, 6 feet wide, aud 34 feet high. Near by it crosses o Lighway by a bridge similar to t-h'at over
Kill river, and at 114 miles from the dam passes through Austin Farm tunnel, 186 feet long. It’ crosses Mill river
13 miles from the dam, on an aqueduct bridge 25 feet wide and 172 feet long, In the next 2 miles are 5 c:llverts,‘
and a tunnel 246 feet long through rock, known as the White Plains tunnel. Aunother, ab Dobbs Ferry, is 262 feet

. . con ’ L .
long, driven through carth. The cut on page 12 shows the various forms ab different places, ]310:};7thls point
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to Delow Yonkers there are a number of culverts, and at the latter place is a tunnel known as the Suw.-Mm River
tunnel, through earth, and 684 feet long. Beyond this is the Saw-Mill River bridge, a stono structure in 2 arches,

.each 25 feet span, and a rise of 124 feet above spring line.

/ Consts g Cunstructton on gldy bilts of ensy wlopy

5
;
10 amer fuet

Tibbits Brook tunnel, 26 miles from the dam, is in solid rock, 810 feet in length, and is succeeded by a culvexrt
-over the brook. The last 2 miles arein favorable ground. Waste-weirs and ventilators, as shown in the cuty are
built at various points on the aqueduct,

The next structure of importance is the great aqueduct bridge over the Harlem river, known as ITigh bridge,
.33 miles from the dam.
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It was originally intended that the Haulem river should be crossed by an inverted siphon under the bed of the
iver, and this could have been built at a fragtion of the cost.

The mainland bank here has a slope of 209, and the island hank has a slope of 350, The country rock is here
.gueiss, extending beneath the river at a sharp declivity, and the central depression between banks contains a deposit
-of white marble.
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GRAVITY SUPPLY,

The bridge has fifteen arches—eight of 80 feet width by 100 feet height above flood-tide, over the water,

wlile seven of them

are upon the shores,
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The two abutments and piers Nos. 1, 2,13, and 14 are founded on gneiss, and 7, 8, a.nd 9 upon mzu'blel, the
remainder being upon piles. In this way the inverted-pipe siphon is depressed only 12 feet in crossing the bridge.
To construet the water-piers, coffer-dams were built. ‘ . ‘

The piles, driven to refusal, were 11 inches in diameter, 2% feet apart., of oak, capped thh‘G-mch p!ankmg,
and cross-capped on this with 6 inches more of the same material, Upon this the masonry was built of gneiss ro.clc,
dressed and laid in concrete at bottom and cement above the few lowest courses. The centering and scaffolding
are shown on page 13.
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TRANSVERSE SECTION OF HIGH BRIDGE AS ALTERED,

The two original pipes were arranged as shown in the cut, and were 3 feet in diameter, Later a third pipe,
7 feet 6% inches in diameter, was added and the coping raised as shown. The small pipes were originally laid upon
amall wooden sills 6 inches wide by 9 inches; these sills were finally replaced by saddles of conerate. At each end

_of the bridge is a gate-house, the interior of which is arranged in one chamber containing four gates, closing the
mouths of the pipes, and the latter are somewhat bell-mouthed, to assist the flow into them, The condunit ends on &
level in one end of the chamber, and the pipes descend 12 feet to the level of the top of their resting-places on the
bridge. The eflux-chamber is 2 feet lower than the influx-chamber, A waste-weir is built in the influent gate-
house, discharging at right angles to the line of pipe, by which the conduit may Le emptied. It is controlled by
iron gates,.

At the sonthern or effluent end of this aqueduct bridge a pumping-station has been erected, with a small
distributing reservoir on an eminence near by, and an elevated tank in close proximity to the pumps, These will be
described later. They are for the supply of the high lands of Washington Heights and Fort Washington. A. short
distance beyond them the aqueduct passes a ravine 30 feet deep, and then a tunnel 234 feet long, in rock, and known as
the Jumel tunnel, 333 miles from the dam at Croton lake. After crossing two ravines,one 38 and one 43 feet deep, the
conduit extends along Tenth avenue to the great depression at Manhattan street, just before reaching which it passes
its longest tunnel, known as Manhattan tunnel, 1,215 feet, in rock. The agqueduct then crosses Manhattan valley
through four 36-inch iron pipes, starting from the end of the tunnel in an influent gate:chamber similar to that at
High brﬁi‘(l’loge. The pipes are laid as inverted siphons, side by side, the maximum depression being 105 fect below

s, e



GRAVITY-SUPPLY. | 15

the grade-line of the aqueduct. The total length is 4,180 feet to the effluent gate-house on Asylum hill, opposite,
and similar to that last mentioned. At the latter point the water enters again the continuation of the conduit,
which passes through a tunnel under Asylum hill, 640 feet, in rock, to Glendenning valley. The aforementioned
siphon-pipes in Manhattan valley have discharge- or waste-pipes ati their lowest point in the valley, which discharge
into the sewers over a waste-weir, the object being to empty the siphons if necessary. In 1854 an additional pipe,
48 inches in diameter, and in 1861 another, 60 inches in diameter, were laid across this valley.

Glendenning valley is a depression 2,000 feet long and 50 feet below conduit-level, extending from Ninety-sixth
street to One hundred and fourth street. It was crossed on a viaduet, arches of masonry 30 feet wide being built
over most of the streets, and two smaller ones of 9 or 10 feet each over the sidewalks, In 1875 this viaduct, and
the portion of the agqueduct included with it Letween Ninety-second and One hundred and thirteenth streets,
were replaced by four lines of 48-inch pipes laid under Tenth avenue. The whole line of the conduit where
elevated above the level of the country is protected by a turfed covering of 4 or b feet of earth, Within the last
fow years most of the aqueduct below One hundred and thirteenth street has been removed or disused, and two iron
maing, 0 feet in diameter, have been laid from Ninety-second street and Ninth avenue to Eighty-fifth street and
Eighth avenue, and connect with the aqueduct reservoir in Central park, known as the Old Basin. In all there
are 33 ventilating openings in the length of the agueduct. At Ninety-second street and Ninth avenue two stone
gate-houses have been erected over the conduit, at which the mains connecting with the new reservoir are joined.
There are two sets of gates, by means of which the water may be sent either into the new reservoir through the
conduit, or continued to the old receiving reservoir. The whole contents may therefore be sent to one or the other
of the reservoirs, or may be divided between them.

At Ninety-seventh street and Ninth avenue a high-service pumping-works has been crected on the line of the
conduit, for the purpose of supplying the higher portions of the city below One hundred and thirtieth street, This
will be hereafter described. The aqueduct has Leen a constant sounrce of trouble, owing to breakages and leaks
caused by unequal settling of the ground through which it passes, and its capacity is overtaxed.

The old receiving reservoir is located in Central park, on the lines of Sixth and Seventh avenues and Seventy-
ninth to Bighty-sixth street. It isrectangular in plan, in two divisions, separated by an embankment. Thenorthern
division is 24 feet and the southern 29 feet deep, and both are filled to within 4 feet of the top. Its capacity is
150,000,000 gallons, The banks are of earth with puddle interior, the sides bordering upon the lines of the streets
and avenues being walled with masonry, and the inner faces riprapped with dry stone 15 inches thick. The bottom
is of natural rock or earth. The north basin, and the larger of the two, is about 930 by 645 feet, and the south
basin 045 feet square on the bottom. The division bank is also faced with dry riprap, and all of the faces slope
1% to 1 on tho inside. A 24-foot pipe, with stop-gate, with its bottom 15 feet below high-water surface, passes
through the division embankment and keeps the water-level the same in both compartments. A waste-weir in one
end of the division bank allows excess of water to flow over its top into the bottom of & well, and thence into the
_sewer, There is one influent gate-chamber in the northern basin connected by a sluice channel with the other, and
four effluent chambers, one on the east and one on the west of each basin, TFrom this reservoir, which was built
in 1840, and which is 6 miles from the end of the city, the maing formerly extended to & distributing reservoir at
Torticth strect and Fifth avenue. This latter is a heavy cut-masonry basin, square in plan, and 400 feet long at
the water-line. The walls are double, and are connceted by arches, leaving a long series of chambers through the
heart of the work., An earth filling supports the water-face or riprap wall, Capacity 24,000,000 gallons. It is
probably soon to be removed. :

The new reservoir in Central park is Irregular in outline, with a capacity of 1,200,000,000 gallons. Itisin
embankment chiefly, with a puddle-wall through the center and a division-wall separating it into two basing, Area
of water-surface 96 acres, depth 36 foet. The banks are 18 feet wide at top, slope 14 to 1 inside. The puddle-wall
rises to 2 feet above high-water mark, Division embankment 12} feet wide at top, with both slopes, as well a8
those of the banks of the reservoir, faced with riprap of rubble in cement, 18 inches thick, on a foundation of 8
inches of conerete. The influent and offluent gate-houses of masonry are located at opposite ends of the division-
wall. The aqueduct enters the former at the northewly end-of the division-wall, and the water can be sent into
either division, Effluent pipes, four in number, leave the northern gate-house, and are 306 inches in diameter.
Another effluent gate-house at the southern end of the reservoir has six 48-inch supply-pipes leading from it.

The total revenue derived from ¢Cawoton water?, from its introduction into the city in 1842 to September 18,
1880, amounts to $36,363,953. ' : ‘ '

The following statoment shows the total amount expended for works, structures, aquednets, pipes, ete.,
connected with the water-supply of the city of New York, including maintenance and repairs, from the period of *
its inception to January 1, 1880:

To January 1, 1865 veveesvevmcs avmuvunss b et memeksrane snbmel enmnenanmnay arwune sesuns s abuan $20, 030,221 03
During tho Fenr 1865 « cavn earene sans cunnsnmmunasmmesssnuesanamas censasasnsss ronass innaneames seanns 924, 837 27
1866 caensannvns aumemnennnesannnansnnn Gt meenmaennseeuane . ommaueaaea e vaamen 442,628 05
1867 ureen temoesamennn e basNanaaa baswar e nnmsamunareaaaEa saNarncammas andars anseun 581,704 80
1868 vuvnnsseemmne samnnemrnmnannn e nees uuan e eeesamameremusenmnne cmannmes sannn 746,437 40
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During the year 1860 «oen i ciiiiciet tiecanreacen reeann an s tamrreeose . na ineneeans $594, 628 19
LBT0 Lo e et i eres cenaiiseeancenmsencus s nnnencsmssecmaansaaans 1,172,078 48
1871 e ees e e ms mus maeemeeme aeanemens ams e acemaaancane e 2, 784,440 e
1872 oo e e veanne et et et b naenar p———— e 1,836,847 65
LB 1 nee iie e e emmn aats ccas e dasea b s et mena mnn metenmma bame s 2,049,850 51
2 P 1, 405,708 03
3 g R care s 882,777 64
IBTO «re e vee e em e e e n e vamme aaoenn e n mon ae e en oo, an et amn 1, 066, 645 50
LB e ee it iae e isimeeeaemmn s s acaassamuns ban s oeunn s sa e e s 859, 670 63
£ PPN 802, 014 58
L7 ettt et cinr e beee b s ety amasaiban e tan e san e ey hea e nane 619,221 00

Total to September, 1880, $37,212,095.
The supply from Croton river, which was analyzed by Prof, O. F. Chandler, and the water of the Housatonic
river, one of the proposed sources for increased supply, show the following indications of purity:
ITousatonic, Croton.

Chloride 0f BOGHTINL. cau caunis ier vt inmmnesssons aba e srancs sannnsosus caunnrasmonsnanans grains. 0,2019 0, 284
Bulpliato of POBASLE cuuueeiimaniiiie e vren irecne it cnae e cvr et senan i e nne aaan caan do... 0,1300 0,205
SUIPLALE OF B0AR . nn - ne caaanesanmescancceaaae manrmn s amne mereaaa s taaenn rnann e ey do... 0.1842 0,024
Sulphate of 1Mo .. vaen et i e cat tectnrate i sens smnrre s et sar s aana do... 0.0489 0, 024
Carbonato 0f 1Mo wee e ceatciie o sanssaas temnrn mtassnnsasssnassesusansnnnmnneanennann do... 3.0362 1,698
Carhonate of MAENeBIN. cvauiuree cieten cinern cinasmmaer conmneoannanvnns annuas bonsacne sene do... 1.5430 0.935
Aluming and oxide 0 IT0N ccvueevenmes caesaes mrcn i crrn tcab s arrn canu . buoa mnans do... 0.0816 0. 068
SHEOA taeennemecanncns careinaneeriaaus arenrn e aa s aa ey ann Cmenasann penenenn .. do... 0.6540 0.222
; Organic and volatilo Mattor covevsrecnn i i s timrrniiee camrae nmtn mmna nmra amenas do... 0.5832 0.874
. TOLR] BOLAE eues wueenermne et it nnnm sranns aune cnaasssone sannenanss nmns crnmsnnans do... 6.3630 4.3
TTATIONS 1 vvvut s smms cmmwes cnesmnannanssacnsnanae ramnus vansnn sasnsunonsruanssrnnens (BZTCES. 3.6 2.0
JTCO AN - v\ - e ea et viin ctaevae et kus fene s meei e easanan e e, eman- parts in 1,000,000. 0, 0210 0.0700
“ALDUIINOTA AMIMONIAT canens timne ety aumae muna mima sannnn bmaer barm s amm—e caan cmen aunn 0.0674 0, 2450

The works at High bridge for the high service of Washington Heights, ete,, consist of an engine-lhouse, boiler-
house, and coal-shed, force-main to reservoir, emall reservoir, and an auxiliary pump supplying a tank on the top of
a tower. The engine-house, of brick and stone, is 40 by 25 feet, and arranged for two engines. The water is drawn
through two 30-inch iron pipes 115 feet long, from o chamber about 4 feet wide connected with the aqueduet a
short distance after its exit from the offluent chamber on the bridge. There are two pumping-engines, designed
by William I, Worthen, of New York, one built in 1870, by the Hartford Foundery and Machine Company, and
the other in 1876, by the Delamater Iron Works of New York. The former cost, in the prosperous times of 1870,
about $40,000, and the latter only $29,000. Their capacity is about 5,000,000 gallons per day, and they are run
alternately during the whole day. They are condensing-engines with a duty of from 25,000,000 to 35,000,000 foot- .
pounds, with single-acting pumps, plunger displacement. "When the present improvements are completed there will
be two multitubular beilers for these engines, Wacl is 17 feet long by 7 feet diameter of shell, with ninety-six 4-inch
tubes in each, and operated at 45 pounds pressure. TFrom the puwmping-station two 20-inch force mains extend
to the reservoir, 900 feet distant, The latter, of 10,000,000 gallons capacity and situated 210 feet above datum, is
in embankment with a central puddle-wall 16 feet high, 4 feet thick at top and 10 feet at bottom. It is square in
plan, measuring 322 feet at the high-water line. Inner slope 13 to 1, outer 2% to 1; width of banks 12 feet on top.
The inner face is riprapped 18 inches thick with rubble in cement laid upon the earth banks direct. The water-
line is 2 feat below the tops of the banks, and the high-water depth is 16 feet. A small Worthington pump located
near the reservoir takes water from the conduit or agueduct and forces it into a tank of 44,000 gallons capacity at
the top of a bLrick and stone tower, 335 feet above datam, and 160 feet high to water-line. The tank is of wrought
iron, and is intended to supply a few very elevated points in the vicinity. The total cost of this double high service
at the High bridge, including reservoir, tank, engines, tower, ete.,, amounted to $610,000.

The high-serviée works at Ninety-seventh street and Ninth avenue, on tlie line of the former Glendenning
bridge, consist of a brick building 50 by 200 feet, extending from Ninety-seventh to Ninety-eighth street; at one
coruer, on Ninety-cighth street, a stand-pipe, inclosed in an ornamental square brick tower, rises 170 feet. Here
are two Worthington engines drawing their supply from a 48-inch main from the new receiving reservoir through
Ninety-eighth street. They are of large capacity, capable of pumping, according to records of the engineer, over
8,250,000 gallons per day. Only one is run at a time during 24 hours per day. Space is left in the engine-
house for another. The dimensions are as follows: Steam-cylinder, low-pressure, 36 inches diameter; steam-
cylinder, high-pressure, 21 inches diameter; water-pistons, 28 inches diameter; stroke, 48 inches; back pressure
from reservoir, 7 feet; pressure on pumps averages 37 pounds; air-pumps, 16 inches diameter by 16 inches stroke;
condenser, 28 inches diameter by 48 inches high; 4 boilers, 6 feet diameter by 15 feet long, containing seventy-five
8-inch tubes in each; average steam-pressure, 45 pounds. The stand-pipe, of wrought iron, is 170 feet high by 6
feet diameter, with a splral staircase around it inside of the brick casing. Water'is forced into it at present to

the height of only 120 feet. It has one 36-inch inlet and éne 36-inch outlet. The distribution, which amounts to
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506 miles, is carried out through iron pipes, most of whiech, from 1858 to 1870, have been coated inside and out
before laying, save a few laid in 1870 to 1874, which were not thus coated. They are of 4 inches to 48 inches
diameter, and are tapped up to 20 inches only, The consmmption approximates 95,000,000 gallons per day.

There are in all 6,210 fire-plugs in the city, mostly of the Ayres pattern, patent hydrants being forbidden by
law. ‘
. The annual cost of maintenance and repairs amounts to about $200,000, and the city pays nothing for water
consumed in the publie buildings and places, ‘

Rates are assessed upon the frontage of lots, with special rates for various industries and establishments. By
meters, of which there are 3,313, the rate is 74 cents per 100 cubie feet.

The works are under the charge of Isaac Newton, C. E., as chief engineer, with G. W, Birdsall as first
assistant engineer.

BOSTON, MASSACHUSETTS.

Boston containg 362,839 inhabitants. In addition to the ancient “Tremont”, or Boston proper, the present
city limits embraco soveral formerly independent towns and eities, notably Roxbury, Charlestown, and Dorchester,
In the older portions the streets arve proverbially irvegular, while the topograpby is uneven. Water was introduced
into the city in 1848, The system as ab present existing is a gravity supply. ILake Cochituate, the main source
of supply, is & chain of natural subsiding reservoirs of water, three in number, having a general direction nearly
north and south (see map), its extrems length in & direet line being about 34 miles, and its greatest breadth about
1,800 feet. Lwo county roads crossing it divide it into three nearly equal parts, designated as the northern,

Y Height of Wlaorof Cale Hyyse 13870
Lelght of Flaorof Knights Ftime 12436
Jeet alinyg Ticde MarshoLievel.,
Height of faw WecbenMeakoTtke CoeliCotctln
T24.86 feet ahove Tt Marsh Level..
][c’('fht of High WaterMark Lake Cockituate
A\ L3436 feot ahove Dale Marsh. Levels ~
A HeightofBattamof Tnteriovof dgeadoct
* qtlake Cochituclo I2L M feet adovelde
|, Airsh.Zevel.
Area.afliake Cochitiuatenotincludiruy
wDug orDudley Fontls abort S00.dcres.
Whole. Circuit of fake Cochituone 6 Ml ===

MAP OF LAKE COCHITUATE.

central, and southern divisions, The water gradually increases in depth from the shore in each division; at hig.h
water, or when raised 10 feet above the flume, or 13.36 fect above the bottbm of the condnit, ity grea.test‘depth Is
about 72 feet in the southern, 50 in the eenter, and 64 feet in the northern division, When the water is at this
elevation, the superficial area of the lake is estimated to e 800 acres. At 3 feet 5 inches above the bottom of the
conduit the area of the lake iy 400 acres, and its capaeity is 13,313,000 wine gallons; for every inch added to the
above height up to 5 feet there is an increase of 1 acre in area, and the total capacity is increased to 270,834,000
wine gallons. At 13.36, or high-water mark, the total capacity of the lake is 2,011,165,000 wine gallous, and the

area 801 acres. The shore of the lake is generally a bold sand and gravel bank, and the increase of surface which
. 533
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is produeced Ly raising the water tales place mostly in a great meadow in the southern division, The whole cirenit
of the Iake, including the meadows, is about 16 miles, and, excluding those, about 12 miles, measured at the verge
of the lake, when the water is 8 feet above the flnme. '

The tract of country which drains into the lake is bounded by the ranges of hills which divide the streams
running into the Merrimack from those which run into the Charles river, and, as surveyed, covers an area of 11,400
acres, or 406,584,000 square feet, as the water-shed from which the lake derives its supply.

The flume referred to above was known as ¢ Knight's flume?, and was used for manufacturing purposes. The
floor of thig flnme was 3.30 feet above the bottom of the conduit; the waters of the lake were at first raised to 8
feet above the floor of the flume, but afterward to 10 feet, the cost of the last 2 feet being $27,130, which included
the damages paid for submerged lands. ,

There are two dams at the outlet, which is on the west side of the morthern divigsion. The first is of solid
masonry or granite, and raised to a height sufficient to retain the water to a point 10 feet above the floor of the
flume. This corresponds with an elevation of 134.36 feet above tide-marsh level, the floor of the flume being 124.36
fect above the same level. The second dam is at a distance of about 500 feet Delow the first, and is for the
purpose of lessening the pressure upon the upper dam; it also is of solil masonry, with an overtlow of 23 feet in
width. v

The gate-house at the lake is situated on the castern side of the northern division opposite to the dam, and is
built a sufficient distance into thoe lake to admit the water from the necessary depth. The bottom of the aqueduct,
which here begins, is placed at an clevation of 3.36 feet below the floor of the flume, When the lake is raised to
the high-water mark it will stand 13.36 feet above the bottom of the conduit. In the house there are four gates for
regulating the admission of water into the aqueduct. They are of cast iron, with composition or gun-metal facings,
and a frame of the samo materials, set in hammered stone. This building is 29 feet 6 inches by 39 feet 6 inches,
of hammered granito, with o metal roof, The floor is of granite, afll there are two flights of granite steps from the
tloor down to the conduit. A stone eulvert is also constructed beneath the road, which divides the northern from
the central division, in which provision has been made for placing stop-planks so that the water can be shut off from

the northern division, and thereby about two-thirds of the water in the lake can be retained in case it should be
necessary to repaiv the gate-house or dams.
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PLAN AND SECTION SHOWING METHOD OF CONVEYING WATER ACROSS CIARLES RIVER,

Dug pond is south about 113 feet from the southern sbore of the lake, and is separated from the 15eat
meadow, on the southern division, by the county road; a culvert, 2 feet in diameter, is laid beneath the road, by
whiell the waters are discharged into the meadow and tlience pass into the lake; the pond containg about 441 acres,

The shore all around is a steep gravelly bank, 8 or 10 feet high, and the pond naturally derives its waters wholly
534
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from springs. The water is quite deep and remarkably pure and soft, and forms a highly important tributary to
the lake. Iigh-water mark in this pond is 17 feet above Knight’s finme. The town of Natick now obtains a supply
{rom this pond, so that its value to the city has been somewhat diminished.

Dudley pond lies in a northeastern direetion from the northern division of the lake, and contains 81 acres, atan
elevation of about 12 feet above the lake. There is no other outlet than that throngh which it flows into Sudbury
viver, This pond was connected with the lake in the year 1861, by means of iron pipes 18 inches in diameter and
about 800 feet long, which pass under the road. High-water mark in this pond i3 22.1 feet above I{night’s lume,
and 146.46 feet above tide-marsh level,

The aqueduet, for convenience in its management, is divided into two divisions, the western and the eastern.
The western extends from the lake to and including the receiving reservoir in Brookline, The eastern begins atthe
Brookline reservoir, and comprises all the iron mains from Brookline to the city and the distribution in the city.

The conduit, from the lake to the left banlk of Charles river, and from the right bank of the same to Brookline
reservoir, ig builb of brick masonry 8 inches thick, laid in hydraulic cement. Itisin section an egg-shaped oval,
the larger end down; the greatest width is 5 feet, and the extreme height 6 feet 4 inches in the interior. It is
covered with o plastering of hiydraunlic cement on the outside, from the top down to the chord-line of the lower or
inverted arch. It is supported on a puddled embankment, built up above the chord-line of the inverted arch in all
cases where tho aqueduct passes over ground the level of which falls Delow the grade-line, and also where the
ground was foand to be marshy, or from any cause not sufficiently solid to support the superstructure. The whole
is covered with an embankment 8 feet wide on the top, with side slopes of 2 feet horizontal to 1 foob vertical, and
raised 4 feot above the top of the agqueduct. The aqueduct through the whole distance thus rests upon and is
«covered with earth to a depth of at least 4 feet, and is nowhere raised so ag to admit & passage beneath it excepting
at the enlverts—at the erossing of Charles river, whick it passes by four iron pipes, two of 30, one of 36, and one of
40 inches diameter—and where it crosses the valley in Needham near the west bank of the river. In the latter place

- it is carried over tho roadway by a granite bridge of one arch of 20 feot span and 14 fect high, and from there to

the west pipe-chamber on a puddled embankment, in gome places 40 foet high, (Tor further details see the History
«of the Boston Water Works, published by the department in 1874.) -

The remainder of this part of the aqueduct comprises the maing over the valley of the Charles river and the
tunnels in Brookline and Newton. The former consist of four ivon pipes, two of 30 inches, one of 86 inches, and
.one of 45 inches in diameter, which descend 52,11 feet below the level of the aqueduct on the west bank of the river,
«crossing on a stone bridge built over the river, and thence are continued over the intervale at a rather low level,
and then rise to the agueduct on the eastern side.

The Charles River bridge is construeted of hammered granite, of threo elliptical arches, of.30 feet span and 7%
feot rise, and 21 feet wide.

The pipe-chambers, constructed at cach end of the mains, are of granite; the horizontal distance between them
is 1,005 feet. Tho admission of water is regulated by stop-planks. The hottom of the west pipe-chamber is 119.04:
and that of the east pipe-chamber 118.58 feet above tide-level. The water in the river at its lowest state i3 71 feet
below the bottom of the brick conduit.

Ohestnut ITill reservoir is a natural basin at a distance of about 5f miles from the center of the city, and
within the present municipal limits. An artificial bank was required only on the lower side of the valley. The
reservoir ig built in two parts, separated by a water-tight dam. A gate-house in the center allows of communication
betiveen the two basing, Both parts are of somewhat irregular form. Together they are 24 miles in circnmference.
Tho land bought by the city for this reservoir amounted to 2124 acres. The combined capacity of both basins is
781,472,429 gallons. Tho easterly and the larger of the two basins is called the Bradlee basin, and has when full
o water area of 874 acres. Average depth of water, 20 feet. Its capacity is 550,083,485 gallons. - On the casterly
side of the reservoir and on the highest part of the embankment is the principal or effluent gate-house. It fronts
on Beacon street,

The Lawrence basin hasg a water area of 374 acres, and a capacity of 180 888,944 gallons, The distance around
the center of the path which surrounds the Lawrence basin is 6,183 feet, or 1, 17 mile. The effluent gate-house is
‘the most important structure on the reservoir grounds. A bed of quicksand, 28 feot in depth, rendered the laying
of the foundations a qQiffieult task., Rubble piers with brick arches rest on the bed-rock and support the structure.
These were leveled off on top with a layer of concrete; and a heavy bulkhead, side-walls, brick piers, and groined
arches completo the remainder of the substructure. On the water side of the bulkhead are four separate compartments
for four lines of 48-inch pipes. Jach compartment has places for a double set of stop-planks, a revolving screen,
sluice-gates, and an open well in front of the pipe. The superstructure is built of hammered granite, Outside of
the bulkhead are gates placed in the pipes. Branch walls are built into the bank 80 feet long on one side, 25
feet on the other. Their section consists of 4 feet of rubble-wall laid in ecement, and 2 feet of brick-work.  Oulside
of this gate-houseis & brick chamber under ground, which contains two gates. These control two lines of drain-pipes,
which run through the embankment on arches. They conneet with each basin, so that either can be drawn to its
dowest level for cleaning or repairs.
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20 WATER-SUPPLY OF CITIES—BOSTON, MASS.

Two hydraulic sluice-gates worked by a hydrostatic press were placed in position during the winter of 1873-'74
in this gate-house. They are to shut off or let on the water to the 48-inch main. The need of gates at this point
which can be quickly operated, has been felt ever since the reservoir was first used, and provision was made for

7

7
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% E i o 3 A
A, Regervoir; B, Stop plank; O, Rolling screen; D, Gates; X, 48nch pipes; F, Staics down from upper floor; G, Stop-cocks; H, Light‘pipn to chamber; I, Donr
under embankment; L, Steps up to gate-house,

LONGITUDINAL VERTICAL SECTION OF LOWER GATE-HOUSE AT CHESTNUT IILL RESERVOIR.

them when the gate-house was constructed. They have been designed with special reference to easy and rapid
movement. One man can fally open either of them in less than 4 minutes, and they close by their own weight in
less than 20 seconds, settling to their seats quietly. The openings ave 48 inches square. The movement is vortical.

‘h’m‘a;&ﬂvwrm

INTERMEDIATE GATE-HOUSE AT CHESTNUT HILL RESERVOIR.

When in motion the gates are carried on three pairs of wheels 12 inches in diameter. The seats arve not exactly
parallel to the gate-frame, being inclined slightly from the vertical, so that when the gate is closed the gate-face
and seat are in contact, and the wheels are lifted a fraction of an inch from their tracks. Vertically over each gate
i8 a cylinder fitted with a piston, 8 inches in diameter and of 4-feet stroke.
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The intermediate gate-house, built in the center of the dam separating the two basins, is also located directly over-
the aqueduct, which runs lengthwise throngh the dam and continues to the Brookline reservoir. Four gates, one
toward each basin and one on each end of the aqueduet, allow of turning the water any way. Beside these there
are two lowerlevel gates connecting the two basins. There is also in one corner of this gate-house a gate
communicating with a line of drain-pipe laid through the Bradlee basin.

The influent gate-honse at the Lawrence basin is the smallest of the three structures. It covers one gate thati.
controls a connection between the aqueduct (which eurves around one side of this part of the reservoir) aud the.
Dasin, A short piece of brick aqueduet, 4 feet
by 4 feet 4 inches, conncets tho two. A sewer is
built to carry off the drainage of the valley, in
order to keep it from entering the reservoir.

From the efiffuent gate-liouse a 48-ineh main
is carried avound Tfisher hill to connect with the
pipes which supply the city from the Brookline
reservoir, so that in case of any aceident to that
reservoir the eity can be supplied from Chestnut

77
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mile. Its thickness is 1} ineh, There are four
gates at the ]unctmu of this pipe with the other
mains; three, a 40-inch, a 36-inch, and a 30-inch
connection, are together in one underground
chamber; and a 48-inch gato on the main itself,
which was pub in in April, 1875, is alittle back :
and separated from the chamber, N
The Brookline receiving reservoir is sitnated
at the castern termination of the brick portion of
the Cochituate aqueduct, in Brookline, It is formed out of a natural basin, inclosed almost entirely by banks rising to-
a considerable height above it.  On the northerly side, however, there was no-
bank, consequently a puddled embankment was built up to a height of about
26 fect, and was supported by a retaining-wall 8 feet in height. The inner-
slope of the reservoir is lined with a slope-wall of granite rubble 18 inches
thick and 14 feet Lroad, this lining rising to within 1 foot of the top of the-
bank. The greatest depth of water is near the principal gate-house, 24 feet.
Tho least depth. is near the upper gate-house, where it is about 14 feet. The
embankment ig 20 feet wide at the top, with a gravel wilk all round. The-
area of the reservoir at a level of G feet below the top of the dam is 22.31
acres, and its capacity is 89,909,730 wine gallous, the contour of the water-line
Deing 4,090 feet long, At 2 feet helow the top of the dam it contains an area of
29,05 acres, and the capacity is 119,583,960 gallons; the contour of the water--
line is, at this level, 4,757 feet. The reservoir is an irregular oval in shape.
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A eylindrieal brick conduit is laid at a depth of 8 feet within the northern embankment, to conneet with that
from the lake, and conduct the water around the reservoir to the pipe-chambers, by means of which it was intended
that the supply of the mains should be kept up when the water is shut off from the reservoir for cleansing it or for
any other purpose.

There are two gate-houses, the upper for receiving the termination of the brick portion of the aqueduct, and
the lower for the beginning of the iron main leading to the city, with regulating gates, ganges, ete.

The principal or lower gate-house has its fronti on the street, where it is 26 fect 4 inches wide by 36 feet 8 inches
Ligh, including the Lasement, which is 16 feet 4 inches, The height in the rear is 20 feet, Two iron stair-cases
ascend from the basement to the main floor. The building is of hammered granite, with an iron roof. The main
floor is on a level with the top of the embankment, and the bottom of the gates which regulate the admission of
water into the pipe-chambers is 26 feet Lelow the floor, The gates and gate-frames are of iron, There are three
pipe-chambers into swhich the mains now laid are introduced, two only having been used until the year 1859, when
the 40-inch main was laid over the mill-dam.

At the upper gate-house is the termination of the brick aqueduet, and it is fitted with stop-planks and a flap-
gate for regulating the flow of water into the reservoir. Thoe building is of granite, with a stone roof. The front is
11 feet 3 inches wide by 11 feet 4 inchies high, and the length is 12 feet. The following are the heights, respectively,
above tide-marsh level: Top of dam or embankment, 1206.60 feet; upper floor of principal gate-house, 126,76 feet;
low-water mark, 120.60 feet; bottom of interior of aqueduct, 116.76 feet; bottom of reservoir, 100.60 feot.

There were three distributing reservoirs constructed for the purpose of receiving the water from the maing
leading from the Brookline reservoir during the latter part of the day and the night, when it was presumed but
little would Le drawn from the service-pipes, and of supplying it to the service-pipes in the morning, when the
greater portion for domestic purposes was required; by which means a continuous supply could be leI)t up to a
more uniform height. These distributing reservoirs were the Beacon Hill, South Boston, and Iast Boston.

It is now contemplated to romove or dismantle Beacon ITill reservoir and use ihe site for other purposes. It
Lias not been in use since June 6, 1870, the high-service works at Roxbury supplying its objeet and the neighborhood
for which it was especially constructed.

The high-service works at Roxbury has rendered the South Boston reservoir useless, and water has been shut
off since July 15, 1872, but nothing has as yet been done regarding its ultimate disposal. '

East Boston bemg now supplied from the Mystic department, the reservoir is shut off, but kept full of water
in case of emergency.

The city is supplied from its distributing reservoirs by three iron mains, 86, 30, and 40 inches, respectively, in
diameter, starting from the effluent gate-bouse of the Brookline reservoir,

When the gate-house was built an extra 30-inch outlet was provided, and, it being considered unsafo to remove
it to substitute a 40-inch, the 40-inch main is connected with it, and on the taper connection there is a 20-inch inlet,
now capped, which can be continued through the masonry bulkhead above the 30-inch if.the supply be insufficient.
After leaving the gate-house they pass into Boylston strect, in an easterly direction to the city. A few hundred
feet from the gate-honse these mains connect with o 48-inch pipe leading from the Chestnut Hill reservoir, In a
chamber near the road are three gates, each of which, by means of branches, connects the 48-inch pipe with one
of the above maing, so that the supply from the Chestuut il may be cut off or let on as required from either of the
mains, Between the Brookline reservoir and these connections there is a gate on the 30-inch pipe, to allow of the
emptying of the Brookline reservoir without interfering with the supply from Chestnut hill.

The Beacon ILill distriet, comprising about 48 acres, and neecessitating a high-service supply, is furnished with
a 20-inch main, taking off the 24-inch main from the Parker Hill reservoir.

The South Boston low service is supplied by two 20-inch pipes. One of these, taking off from the 36-inch main,
crosses the Fort Point channel at the Dover Street bridge; the draw is passed by a siphon, the distance between
the arms of which is 41 feet. A trench was excavated into the hard bottom of the channel 32§ feet below the top
-of the bridge, and the siphon was laid in a box filled in with hydraulic cement, This main runs to the reservoir
on Telegraph hill, The second 20-inch main leaves a 24-inch main in Dorchester and passes to the reservoir on
Telegraph hill. The two mains connect at the corner of Atlantic and Thomas streets. The reservoir is not now
used, as has been stated.

The South Boston high service is fed by a 12-inch pipe leaving the 20-inch high-service pipe in Boston proper
al Berkeloy street, and connects with the South Boston high-service pipes opposite the reservoir. This pipe
«crosses the Fort Point channel at the Dover Street bridge, with an inverted siphon. The siphon is made of 16-inch
pipe, and is laid in & bLox surrounded by conerete.

The district of East Boston is supplied by a 20-inch main, which leaves the 24-inch main in Boston proper in
Haymarket square. On its route to East Boston it crosses Charles river, over the Warren bridge, passing the draw
Dy an inverted siphon having a dip of 36 feet and a distance between the arms of 39 feet. It continues through
‘Oharlestown, where it has two connections with the Mystic worlks, and crosses to Chelsea over the Chelsea bridge,
where it passes under two draws, At the southerly draw the siphon dips 34 feet, with a length of 50 feet; at the

aortherly draw the dip is 42 feet 5 inches, and the distance between the arms is 50 feet. All the siphons are inclosed
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in wooden boxes and are protected with conerete. In Chelsea this main hastwo connections with the Mystic works.
From Chelsea it passes to Iast Boston across Chelsea creek to Brooks street. The creek is crossed by means
of flexible jointed pipe, 461 feet long. The flexible portion of the pipe was laid in a trench, dredged to about 6
feet in depth, and covered with clay and gravel to protect it. The creck itself is about 1,600 feet wide. Tha
flexible joints were movable only in a vertical plane, and were adopted by Mr. William 8. Whitwell, the engineer.
In 1871 a new main, 24 inches in diameter, was laid across the creek, and was connected at each. end with the
20-inch main. From Chelsea creek the main passes on to the reservoir, whence the distribution takes place through
9 16-inch pipe.

This service is principally supplied from the 24-inch Dorcheste,r main, leaving the 30- and 36-inch mains near the
Boston and Providence Railroad crossing. One 12-inch branch leaves the 24-inch main also near the crossing, and
passes through Roxbury by the side of the 24-inch main on its way to Dorchester.

The pumping-engines on Elmwood street take their supply through a 16-inch connection with the 24- mch main
in Roxbury street. A 16-inch force-main throngh Elmwood, Gardner, and Center streets and Forb avenue leads to
the stand-pipe. TFrom this 16-inch a 24-inch pipe branches oﬁ' at Center street to the Parker Hill reservoir.

Dorchester receives its supply from a 16-inch main leading from the stand-pipe, reducing to 12 inches, at which
size the mains extend, This supply is derived from the 24-inch main before mentioned as passing through Roxbury

terminating at Dorchester avenue.

The Brighton low service iz supplied by a 16-inch main conneeting with the 40-inch pipe on Beacon street,
This pipe crosses the Boston and Albany railroad in Brighton avenue by means of an iron bridge of two continnous
plate girders, each 137§ feet long., The high service is temporarily supplied by means of two small pumps and a
reservoir, drawing their supply from a low-service 12-inch pipe in Brighton, The force-mains are 12 inches and 8
inches, respectively, in diameter, and the supply-mains are 12 inches and 6 inches, respectively, in diameter.

Tho Boston system embraces the following districts or localities: DBoston proper, Brookline, South Boston,
East Boston, Roxbury, Dorchester, West Roxbury, Brighton, and such portions of Newton and Needham as contain
pipe connected with the Boston works.

Exclusive of the above, and belonging to the Mystic department, but under the control of the Boston water-
board, are Somerville, Medford, Charlestown, Chelses, and Everett These will be treated of in thoe space devoted
to the Mystic department.

The maximum loss of head between the Brookline reservoir and the city is about 25 feet, which oceurs only in
sudden changes to very cold weather, and is due to waste from the service-pipes, to prevent freezing.

There have been used in Boston many kinds of hydrants, among which might be mentioned the Lowell,
the Ballardvale, the Wilmarth—now known as the Boston—the Kingston, the Iooper, and, more recently, the
Lowry. Thoso used to-day are comprised under the three heads of Lowry, Boston, and Post, and the majority
in uge are flugh-iydrants.

The following table gives the number of hydrants set in Boston up to J mmm'y 1, 1878:

Districts. Lowry.|Boston.| Tost.
Clty pPropore.....een. 420 874 10
Sonth Boston........ 198 B48 |ovuunans
st Boston +ouwsvus. 09 185 1}
RoxHULY. cveuuree e 051 108 18
Dorchester .voeeenan. 653 42 HES
West Roxbury ...... 84 10 176
Brighton sevveeevenn 67 13 116

Total, 8,030 uun.. 2,001 | 1,584 | 364 \

The following statement shows the number of hydrants in use in the Mystic.depa-rtment up to 1881:

Distriots. Lowry.| Flush,| Tont. | Total.
Charlestown..c...... 160 34 86 238
ChelseR . eeveanermnonatiaannsas [ 131 136
Somervillo.eeeeue nnn 3 20 253 282
Evoroth.eeeeveaanesss ) B PR [it:] [itt]
Medford . .oeevuiranne|ocnsenns [} 6 10

Total cuvuneennnnn 178 70 402 | 786

The most popular meter in Boston at the present time is the Worthington. Itis giving general satisfaction.
The sizes in use in this city range between § inch and 4 inches, and in the total number of 1,082 there are 636 §-inch,

333 l-inch, 40 2-ineh, 13 3-inch, and 4 4-inch. '
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A few of the class known asg the Johnson meter are in nse. This is a single-piston meter manufactured im
Boston, and is comparatively new.

THE MYSTIC DEPARTMIENT.

One of the factors in the DBoston water-works system is the Mystic supply, once operated by a distinct
management, and designed originally for the supply of Charlestown and Chelsea, the northeasterly suburbs of
Boston proper.

On April 13, 1854, several gentlemen, interested in the Cambridge water-works, procured from the legislature
the right to supply Oharlestown with water, under the name of the ¢ Charlestown Water Works”. The increasing
requirements of the city had made it evident that more encrgetic action was necessary, and in August, 1859, the
city conncil authorized Mayor Dana to obtain a charter to supply the city with pure soft water. Messrs. George
R. Baldwin and C. L. Stevenson were appointed engineers, and detailed seientific examinations were made of all the
sources within 15 miles of the ¢ity. These resulted in the report that only Spot and Mystic ponds were available.
Spot pond, from the favorable conditions Lelonging to it, in its elevation, position, and purity, has undergone more
minute examination than any other source in the neighborhood.

In 1845, Mr. J. B, Jervis, engincer of the Croton water-works, and W. B. Johnson, c¢ivil engincer, having beew
appointed water commissioners for Boston, found the yield of Spot pond to be 1,500,000 gallons per day, derived
from o drainagoe aren of 1,100 acres, the extreme elevation of the pond accounting for the limited drainage area.

Mystic lake, from the upper or northerly portion of which the supply is talken, is located in the towns of Medford,.
Arlington, and Winchester, 6} miles from Oharlestown square, At thoe lovel of flowage authorized, it has an area
of about 200 acres, with a storage capacity of 380,000,000 gallong of water. The area of the drainage basin of the
Mystic lake is 27.5 squarc miles., The numerous ponds in the basin serve to check the too-rapid discharge of
the rainfall into the lake and thenco into tho river; but, nevertheless, the discharge is rapid. The geological
charaeteristics of the basin arve, that the greater part of its length and breadth is composed of & deposit of gravel
and sand of a considerable depth, underlaid with primitive trap of the common greenstone variety, which crops.
oat on the hills oceasionally.

From the report of the chief engincer, published in 1865, we note his estimate of the safe daily available yield
of Mystic lake to be 30,000,000 gallons.

The following tablo gives the rainfall and approumato quantity of water daily consumed from the Mystic works
since 18G6:

Approximate
Year. fﬁﬂfﬁ‘}; an },‘1’ {{‘;L‘t‘:]fm Ttemprks.

rainfall | oo avmod, ’

Inehes, Gallons.
16860...... 40, 48 1, 0900, 000
1807..uu.. 42,10 1,800,000 | Bxtonded to Chelses.
1308 e nas 40,18 1,000,000 | Extended to Somerville,
18060...n.. 87,11 2, 500, 000
18700 ucu.. 34, 65 4, 000,000 | Wator let on to East Boston.
110 N, 24, 84 6, 000, 000 | Fixtended to Bverots.
18720 eenes 45,71 6, 800, 000
1873 rnnn 48, 40 7,700, 000
1874.aue- . B4 7,600, 000 | 57,000,000 gallons supplied, in all, to Boston,
1876 uas-s| 48,00 7,500,000 | East Boston shut off from April 21 to December 2.
1870, rene 47. 00 " 8,825,000 .
187 ennen 41,00 8, 378, 000

The rainfall was measured at Mystic lake.

The Mystic valley, besides containing a large population within its limits in the form of small towns or otherwise,
whose sewage up to the present must in large part have naturally found its way to the lower levels, is tho site of’
some 82 factories—more than a third of which are tanneries—oemploying some 3,500 hands. The refuse from this
large manufacturing interest, sitnated as the tanneries must be, on the banks of the streams, also finds its way into
the lake.

Professor B, N, Horsford, of Qambridge, in his report on the analysis of the Mystic water in 1873, says: “Of
its salubrity as a drinking-water, it will compare well with the best waters in use for eity supply. It has experienced
no appreciable deterioration since its introduction.”

The Mystic system comprises: Dam and overfall; conduit, gate-houses, waste-weir, etc.; cast-iron mains
under Mystic river, bridge, ete.; engine-house and pump-well; pumping-engines; force-main; reservoir and
appurtenances; supply-main and city distribution. A detailed description may be found in the report of 1874,
before mentioned. The pumping machinery only will be here mentioned.

The pumping-engines in the Mystic pump-house are of the Worthington make, three in number, two of 5,000,000

and one of 8,000,000 gallons capacity. Ome of the former was erected in 1865, the other in 1866, and the thu'd in
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1872. The diameter of the steam-cylinders of the former are 43.3 inches for the low and 25 inches for the high
pressure, Length of stroke, 43 inches.

Of the 8,000,000-gallon engine, the low-pressure cylinder is 50,25 inches and the high pressure 20 inches diameter.
The average velocity is 44 strokes per minute. The smaller engines have plungers 22 inches in diameter with
48-inch stroke, and the larger 28 inches in diameter with 50-inch stroke. These engines are driven by a set of
horizontal multitubular boilers 16 feet long by 5 feet 8 inches in diameter, containing eighty 3-inch tubes in eacly,
and fired at a pressure of 45 pounds. With the Cumberland coal used they evaporate 10.2 pounds of water per
pound of coal, .

The force-main is 3,277 feet in length. The level of this main at the engine-house is 16 feet 6 inches above
tide-water, and it rises gradually to tho reservoir, in which the level of high water is 147 feet above tide-level.

ADDITIONAL SUPPLY OF WATER.

The additional supply of water is derived from Sudbury river, a stream of moderate size, which flows in the
towns of Westbore’, Ashland, Framingham, Wayland, Sudbury, and Concord, in the state of Massachusetts., It
flows in & general northeasterly direction, and meets, in the town of Concord, the Assabet river. Both streams
then join to form the Coneord river, which flows into the Merrimack river at Lowell.

The city diverts the water from Sudbury river in the town of Framingham, at a point where the available
water-shed is 74% square miles in area. '

Tho caleulations for the supply of the city are based upon an annual yield, in a dry year, of a quantity of
water corresponding to a depth of 12 inches on the whole water-shed,

It has been ealeulated that seven reservoirs would be necessary, with a capacity of 4,900,000,000 gallons, to
give to the city, in the driest year, a permanent supply of 40,000,000 gallons per day. Such an amount of water
not being required at present, three reservoirs only, of & capacity of 2,000,000,000 gallons, are being constructed,
which will be sufficient to securo to the city, in the driest weather, a supply of 20,000,000 gallons per day.
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SUDBURY RIVER CONDUIT.

Trom the lower reservoir on the river the water is conducted through a brick aqtieduct into Farm pond, a
natural pond of 200 acres, used as a seftling reservoir. - From Farm pond the water is drawn into the main conduit,
16 miles long, which carries it through the towns of Framingham, Sherborn, Natick, Needham, and Newton into
Chestnut Hill reservorr, - This reservoir, already described, receives the present supply from lake Cochituate, and
is connected with the pipe-distribution of the city. :

The various parts of the work on the ‘additional supply” are either finished or in course of construction, and
the water of Sudbury river is sent into the city, For description of the reservoirs and dams, see description of

Boston water-works, above mentioned. 541
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At the southieast corner of Farm pond is placed the gate-chamber, which contains the head of the main conduit,
It is provided with two sets of large sluice-gates, 4 by 6 feet. Its foundatlon is on piles, as is the foundation of the
beginning of the conduit in Farm pond. After leaving Farm pond the conduit passes to Chestnut Hill reservoir,
Its total length is about 16 miles,

Tor convenience of description, reference will be made to the stations on the line enumerated in the following
table. Stations are 100 feet in length:

Section. Station, |To atation.| Totallength.
Feet,

0 a 600

6 51--50 4, 660
61--560 114--50 8, 300
114460 165470 4,120
165--70 100 ' 3,480
100 220 8,900
220 28425 B, 525
284425 81556 8,130
815-}-66 881 6,545
381 388 700
888 432 4, 400
482 600 7,700
500 551-}-50 5, 280
601--60 028 6,160
628 30 1, 600
680 084 4,500
684 780 4,600
780 787 700
787 . 78423 8,022
778429 To end, About: 1 mile,

Total length, about 16 miles.

On section 2, station 344-67, Beaver Dam broolk, the chief feeder of lake Cochituate, passes under the conduit
by alarge sxphon culvert.

At station 112 the line crosses Course brook, another feeder of lake Cochituate. At this point a waste-weir 18
constructed, to empty the conduit, if necessary, and from which the waste-water finds its way into the lake.

On section 7, station 271440, the second waste-weir was built, This brook empties into the Olmrles river,

Section 8 mcludes thoe Badger Il tunnel, 1,675 feet long.

Section 10 is the Waban Brook bridge. '.L‘lle bridgoe is formed of 9 semicireular arches, 44 feot 8 inches span,
Dbuilt of Maine granite, with a brick parapet and iron railing. The bridge is 536 feet long. The valley is about 40
feet deep and 2,000 feet long. The line as located passes through a small knoll, and the conduit is carried over
the remaining portion of the valley in an embankment, in section 11, 30 feet high and 1,200 feet long. The

“excavation on seetion 11 is largely in hard pan and rock, A cut in this section was at its deepest 35 feet, while
600 feet of it was 15 feet deep.

On section 12 Fuller’s waste-weir is constructed.

On section 13 comes the Rosemary Brook siphon; the valley, crossed in its narrowest point, is about 1,800 feet
wide. Tt is to be crossed by three lines of 48-inch pipe, only two of which are at present laid. The channel of tho
brook is covered by an arch culvert 10 feet in diameter, and the pipes are here furnished with blovw-offy.

Section 15 comprises principally the Charles River bridge, 11.8 miles from Farm pond, and the most important
structure on the line. Itslength is 475 feet between the chambers at the ends of the bridge.

The section adopted for the conduit is equivalent to a circular section of 84 feet in diameter, and in ordinary
conditions of cleanliness will deliver at the rate of 70,000,000 gmllons in 24 hours, when flowing at the assumed
water-line.

Throughout the whole length of the conduit, manholes are provided, about 1,500 fest apart. The arch and
interior lining are of brick, and the side-walls of rubble-stone masonry. The conduit terminates in a large chamber
located at the Ohestnut Hill reservoir. From that chamber the water from Sudbury river is distributed as follows,
each pipe being provided with a sluice-gate: One 48-inch pipe I8 connected with one of the divisions of the Chestnut
Hill reservoir, one 60-inch pipe is connected with the other division of the Chestnut Hill reservoir, one 48-inch pipe
with the Cochituate aqueduct. Another 48-inch pipe is laid around the Chestnut Hill reservoir, and is connected,
independently of it, with the city pipes. Room has also been provided for a duplicate of this pipe, which will
be laid when the increase in the consumption of water shall render it necessary. ‘

The report on the Boston water-works of 1874, already referred to, gives, in table 111, the amount of rainfall,
consumption, ete., from 1852 to 1874.

The total cost of the works to M'Ly 1, 1880, is $16,341,908 for the Cochituate water- works and $1,614,648 for

the Mystic works.
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The expenses for maintenance and repairs of the Cochituate works for the year ending May 1, 1880, amounted
to $171,160; of the Mystic works, 896,079, Total, $2067,239.

The cost of the works for “additional supply”, up to Qctober 1, 1880, was $5,234,678, with land damagoes of
$543,190.

The Roxbury high service comprises engine-house, 3 pumping-engines, force-main, stand-pipe, Parker Hill
distributing reservoir, and distribution mains.

The engine-house, located on Elmwood street, is a plain brick building 40 feet wide, comprising, with the boiler-
house and coal-shed, a space of 5,663 square feet. It containg two high-pressure, horizontal, direct-acting engines,
built by the Boston Machine Company in 1870, and driving two double-acting pumps. Their capacity is 2,400,000
gallons per day each; diameter of pump-cylinders, 14 inches; diameter of steam-cylinders, 20 inches; strole, 36
inches; diameter of fly-wheels, 15 feet; number of revolutions per minute, 25; duty, 30,000,000 foot-pounds. ‘The
steam-valves are double-seat puppet-valves, operated by four cams, connected by spur and bevel gearing with the
wain crank-shaft. The cost of the two engines, with boilers, is stated at $37,600,

Steam is supplied to each engine from a vertical multitubular boiler 7 feet in diameter and 13 feet high, with
24-inch tubes, 10 feet long, at a pressure of 60 pounds per square inch. Their evaporative power is estimated at
11 pounds of water per pound of anthracite coal, and the details may be seen in the appended table for 1879:

LNGINR NO, 2. WORTIINGTON ENGINR, T Duily Duty per
otal Total " nantity y
amount |Daily nver-| amount | BYOrAEC | Aghes | pumped 100 pounds

1870, . umped by [ago amount| of conl amount | oy g por | Ayerage| of total
pl}ﬂ?{)‘;}l g n;'E?)tI{‘xlnb Total pump- n'xfx%t:}t P %mmpcd. con- oi;ggfll olinkers. | pound of|  1IE “}’gﬁhli’g -
Wme. ~ |pumped. || REHWO | puyned, engines. sumed. | gyined, eonl, ton ongine,

Hra, | Min.| Gallons, || Hrs. | Min.| Gallons dallons. Gallena, | Pounds. | Pounds. | Per cent.| Gallons, | Fest, | It pounds,

TUNUALY « sunens |3 T 70, 800, 000 || 70, 800, 000 | . 2, 50O, 000 | 180,400 | 4,832 |  13.7| 627 | 118.04 | 61,046,100
TOLTUATY +avensvmmnsnnes 588 |......| 67,084,000 || 07,084,000 | 2,805,857 | 122,000 | 4,880 1.6 6458 115,27 | 52,474, 200
MALETL ¢ vermee evenmnvmnnes RO N rereenanns 6L frumene 60,083, 500 || 60,088,500 | 2,228,500 | 124,200 | 4,006 | 1L6| 6663 | 112.04 | 61,073,400

.......... 083 |..--..| 50,867,000 || 60,857 000 | 2,011,000 | 106,500 | 8,650 127 6567 | 10896 81,071,200

48,2101 @36 | 55| 07,704,000 || 08,147,210 | 2,108,207 | 120,700 | 0,804 18.0| 6088 | 11111 B2 050,000
TUNO 4eraasveesnn cmmnsnnsse veveeenneef| 680 foeenes 70,330,000 || 70,389, 000 | 2, Bé4 633 | 124,000 | 4,103 18.0| 6078 | 110.88 |- 62,455, 800
TS e ererenenmnanrnnen eeveeneodl 044 | 52| 00,400,000 || 09,400,000 | 2,230,000 | 128,000 | 4,161 15.1] 5305 | 113,051 61,122,800
T T SERNUURUUUTOY NN AN P 060 |.oeou.] 72,044,000 [j 72, 044,000 | 2,824,000 | 283,800 | 4,810 7| sl 110.89 | 52,460,000
SEPLONDOT - eeenesanes verfeenenafonnnes veroenoendl 030 |vneen.] 66,371, 000 {| 08,872,000 | 2,212,867 | 120,100 | 4,208 wal| e8| 117.85 | 8,501,000
OOLOBLT . cevnrvennre sunves|serens|smmnne|sanen veeul 851 Jo.....| 60,185,000 || 66, 185, 000 | 2,185,000 | 121,700 | 8 020 148  B43.8] 116,06 | 62,010,100
NOVOIBOL oomnvooevnnssslversasfomemanfecemnnoansl| 630 [2auen.] 63,550,000 [ 03,550,000 | 2,118,883 | 118,800 | 8 9000 11| Lo 11610 | 61,837,700
Decomber «eeuna.. S IO SR ST | - N 08, 807, 600 || 08,807,600 | 2,222,600 | 102,700 { 4,081 18.4| 6102 | 11804 | 51,118,000

Avernges and totnls.. 7 80 | 443,210 7,048 47 1820, 384, 000

0,827,210 | 2, 248, 849 1,510,500 | 4,108 |  18.4| 5404 | 11481 | 62,057,100

The capacity of these two engines combined is equivalent to about 4,800,000 gallons,

In 1877 a Worthington duplex engine was erected, of a capacity of 3,000,000 gallons per day, and since that
time it has done most of the pumping with an cconomy shown by the following table. The stroke is 33 inches;
diameter of steam-cylinders—high pressure, 21 inches, low pressure, 36 inches; diameter of pump-plungers, 173
inehes ; number of strokes per minate, about 48. The boiler used is similar to those just deseribed, bub generates
steam at a pressure of 35 pounds.

The following statement shows tho cost of pumping:

GULATIOS + e e wane cae masn saasngmmasos pasmsr tamnan " ansass sRsnns anmaua s nas ARm ey AN AT anay ensan oo 3,743 96
| ENTTY) DR Caveeneanen heemnm e, wmenswin e U PON PP A § T2 3523
JROTHUTE 1« ae smemes wess wms beom e ammme e Haea SMamaa M Ta SaSd ees M SemE s Memdmasares S snsssssnnosssons 2,206 GO
0il, waste, and packing ...aevcevaenaaae FR R T TR T R LT T 255 01
Gag and small supplies cceceiannann  mewamt sm s AL MmN AR KEEY Eem ek BAA dey mWmES muALammeddaananae 358 80

Total.eomernna- D eamay aaannnm e o A e wnrnaenunsomnnsnne 10,278.00

The eost of pumping 1,000,000 gallons 1 foot high in cach year since the high-service works have been in
operation is as follows:

e DU UT TR ' X SR T 1 SRR RRP SRR PRI U
T TSP PPOORPIE - SN [ :1( PR U |-
1873 aeneane mesmmemennnns s e amnane - X R I Tt D e eenans U . .
1874 e eoemeeamae e enaene vnens Y i (T - PSRRI 1248

The supply to these pumps is through a 16-inch main conneeted with the Cochituate system under a head of
33 fect, and tho average lift is 114 feet.

From the engines the 16-inch mains join and extend as a 16-inch main 2,600 feet to the stand-pipe, where the
wator can be diverted around the latter and direct into the mains if desired.

The stand-pipe is of boiler-iron, b feet in diameter and 80 feet high., A spiral staircase 3 feeb wide extends to
the summit, and the whole is inclosed in a brick tower, trimmed with granite and painted white, 15 feet in diameter

at bottom and 13 feet at top. s
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THE PARKER HILL DISTRIBUTING RESERVOIR.

In case of accident to the pumps it was necessary to have a supply on hand, and hence the construetion of
-this reservoir. Ifrom the 16-inch force-main near the stand-pipe a 24-inch brauch is taken off leading to this
reservoir. Its location is about 3 miles from the state-house. It is nearly rectangular in plan, 290 feet; ab the north
and south sides, 196 feet at the east, and 253 feet on the west ends at the level of the top of the banks. The latter
slope 14 to 1 inside and 1§ to 1 outside; capacity, 7,200,000 gallons; area of high-water surface, 1.4_&7 acre; depth,
22 feet at sides and 24 feet at center, It was built on a soil composed of a hard clay; gravel and 2 feet of clay
puddie were spread upon it, The banks were lined with the same, upon which were laid 8 inches of bro}(en stone
.and a paving 16 inches thick of stone, the surfaco of which is pointed in cement. The width of banks is 22 feet,
;and they are finishod off with a flagged wall & feet wide. '

.
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The gate-house is nearly in tho center of the southerly side, and is shown in the eut, together with details and
~dimensions, The most westerly chamber is the inlet, 6 by 10 feet. A float attached to the inlet-pipe (36 inches
in diameter) regulates automatically the height of the water., Between the float and the reservoir side of the
-chamber i§ & set of grooves, 6 inches wide, for stop-planks. The discharge-pipe, 30 inches in diameter, leaves this
inlet-chamber and continues to the center of the reservoir, where it discharges upon a stone apron. It is partly
-shown in plan. ‘
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The ountlet-chamber is 6 by 21 feet at the floor-level,
iron drain-pipe passes through this chamber.
rises vertically to high-water mark, is open

viz. outlet-, inlet-, and d
VoL 17-——35

gate, 3 fect square, opens from the reservoir to the ontlet-chamber
3 feot square and 18 inches above the botton

GRAVITY SUPPLY. 29

The 36-inch outlet pipeis near the bottom. A 12-inch
It is provided with two small ivon gates to drain the chambers, It
at top, and 23 feet above the paving of the floor of the chamber, One

P ~ 20

s »,
Saetion on C,C.

at a height of 14 feet above the bottom, Another
connects this chamber with the drain-chamber.
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It may be well to explain that the gate-house is divided below the floor-level into the three chambers mentioned,

opening into
545

rain-chambers.  The Jast-named is 4 by 113 feet at floor-level, hasa rectangular
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the reservoir 4 by 11 feet, the bottom of which is on & level with the bottom of the chamber. The cats in section show
BB as the inlet-, DD the outlet-, and ER the drain-chamber. The cost of the reservoir, exclusive of land damages,

was $141,317,
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The analyses of the waters from the Mystic works are appended.

Section on LI

maing in each case, and the analyses were made at the Massachusetts Institute of Technology:

Orgar I(; Organio |, Sum of RM'(\“ of
Laenltty. Dato. peteioy uizf-‘(?gnuu. “(!;;?“‘H}EJG {amitre-
i T goen,
1880,
111159 131110 5 - PR Januawry 1 eeeeiannnn, . 0. 815 0. 040 0, §61 6.8
VMR Y 10111 113 1 o 1 S N 0.313 0. 054 0. 867 5.8
Myatio pond...... venuen Cireeesrnnnnaranuuian vernad dJununry 30 cepuana. 0. 835 0. 043 0,878 7.8
CIIOBLOWE v s vt vuamesasrannsaavannaisssesuosnes] FEDPUAYY B aveuiviinnranaanns 0.875 0. 060 0. 441 57
MysHo pond.oiiiireeiiinacrianesneas Vinennanan Felrnory 6 ..., Cereasanaenecs 0. 401 0, 005 0.490 40
CRnrIostowWn . ueu e incmmrercinanen i ans ST Febronry 12 .veenenus PR 0,442 0,060 0. 508 7.4
Mystiopond..vveiiciannean, danameainn heneerarraan, TODrunTy 17 v esinemianummnanes 0,471 0. 057 0. 628 83
ChREIOBLOWE w v eessiie e anritanarrasannancanss peveea) February 10, veveesennns 0,421 0, 044 0,465 0.0
Do..... PR Ceremeer rwerinvenennseany ceavne | Fobruary 26 cvvvinannnn . 0. 346 0, 038 0,385 89
Doureennns errrearsrernaaas emeaninn cerares Marekd voainiien. wenerasenn. 0. 847 0,080 " 0,386 8.0
Wypatic pond.eee...oon, rtesmasaaa st Ama Ty Ay s Maveh 0 covensinn vanens riemns 0,340 | 0, 040 0. 380 8.7
Charlestown..eer veoeen ermiamrrasaesny O I £ L S . 0. 350 0. 062 0.418 6.7
Doeieiianan Srereranvans MR T e s 0. 314 0, 060 0. 374 5.3
Do.ouennns servinanes AMareh 20 e [OR PR 0, 062 0,384 54
DOiainnscanan weeresunaen ;8 131 3 R 0. 409 0. (MG 0, 854 6.9
Mystio POl s ieiiniiiincmensuees LY 131 AR Cewaman 0973 0. 040 0,310 6.9
BT E 1 T I\ 1151 | I 0. 207 0. 044 0. 341 6.8
T T P U Y. ¥ 1111 1B € Sy vemavreneeinan
Charlestownt,oovvennsvas R PN 11 1 S 0. 341
DOeivavrcinraniinmasan JAPHLRR e e 0. 207
)| PR eevens . N I | .
Mysticpond..oiiarennnn MAy B ciecevvmnnniansenaasenas 0. 880
Charlestown.....,evees Moy 0 ccvnevvenen coomanancens 0. 260
Mystic pond oovan... R (12 T 0. 3686 .
Charlestown,eereeana s A My 13 ceiiiiaenns vy reeans 0,333 0, 068 0,401 40
| 8 T P May 20 cirencnnum cvrevnnsons 0, 350 0,073 0,432 4.0
MPAHE PONMLnnenrermnsevnnes o MAY B enrniaananire s nn. 0,582 0, 045 0.377 7.4
ChatlesbowWh civ e erisevnenranansnanmassusonasion-l MAY 87 civniniranersnnunsnnn: 0, 358 0. 061 0. 410 ]
Charlestown, niean of 85-00 SAMPIOT s everercsvnrens June, 1870, to May, 1880 . ..., 0. 302 0. 063 0. 457 6.0
Mystie pend {(snrfnce), mean of 12-14 samples......| Octobior, 1878, to May, 1860 .... 0, 40 0. 054 0. 403 6.5
Charlestown, menn of 10-20 samples (¢)..... [P, Qctoher, 1870, to May, 1880 .... 0, 430 0, 053 0, 302 6.0

Ammonia,

0. 012
0. 012
0. 0561
0, 0256
0, 040
0. (%7
0, 025
0, 035
o001
0, 033
0. 044
0,027
0,027
0. 027

0. 020
0.018
0. 087
0. 007
0.081
0. 008
0.008
0, 031
0. 009
0.012
0, 028
0.010

“Albumi-
nwkl
ammonli,”

0,013
0,011
0,010
0. 014
0, 093
O, 01
0, 091
0, 0
0.018
0. M0
0. 017
0,016
0,013
005
0, 16
0, M5
0,007
0.m7
0. 016
a 0000
0.07

0,021

0,010

0. 010

0, 001
0.001 |

0. 018
0.018

[UR1NH]

avanae

The samples were drawn from the service-

Total
aolids,

U8
10,9
0.0
11.0
1
1.4

48
101
10,4

0.0
10.3

0.5

0.9
104
0.4
0.1
10,7
10.2
10.5
10.8
10,4
me
0.7
0.5
10,4
10,5
0.6
100/

(X
0.0

0.8

& This average is made up {rom the samples drawn in Charlestown,
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The analyses of the Boston water by the same authority were made of water drawn from the servieo-pipe in
the Institute of Technology, as follows:

g . 8 8
HEREE S TS
£ L g E § g
Dato. Eg 4 -a 83 &
£ 8 2 by “sé
2L | £ ge | o
g'_;j S £ 2] ]
& S 8 @ &
1880,
PELEIVIELS o SO 8.8 0. 600 0. 035 0. 655 9,0
Fanuary 168 «.c.cvvennvrnenas| 8.8 0. 645 0, 004 0. 600 8.6
January 28 ....... [ cevanand| 0,004 0, 064 0.768 10.8
January 8l eeeen.. . 8¢ 0,014 0. 041 0. 655 16, ¢
Fobruary §...... 2.0 0. 650 0, 061 0.720 10. 8
Fobiugry 0 ..... . | 4.0 0. 668 0,072 0. 740 0.8
TFebruary 12 ccevevrecnennnefincenasns 0,723 0,063 0.786 | 115
Februavy 10....... 4 B0 0, 602 0, 051 0.643 | 1L0
Tebruary 28.ccue.. 31 0. 6526 0. 004 0. 500 82
Mnreh 4..... vamnan 4 68 0, (82 0. 047 0. 020 12,4
Mareh 1..reenns PPN 4.2 0. 443 0. 071 0, 614 6.2
Marell 18.usvensiivanenianns 6.8 0. 413 0. 060 0.473 0.9
Mareh 20, vvvneroannenenas| 4.2 0, 488 0. 037 0. 475 11,8
April Loooaivanninnnns venns| 4.8 0. 308 0. 040 0. 414 .9
ApPril 0. eniiiiniiiiiinins cenvenas| 0,440 0. 048 0.404 0.8
Aprl I8, aeieeee i inannnanes 0.2 0. 807 0. 0d4 0. 441 0.0
April 22, [P 1 X - 0, Boo 0. 047 0,407 .7
MOy 6 eeiiiinnnciaiescannas 18,2 0, 325 0. 046 0,071 71
May 13.. cnavera| 16,6 0. 862 0. 063 0.424 [
’ May 21.. [P 16,8 0. 423 0. 034 0,457 12,4
May 28 .. ueivnnenrricnennaes 18.8 0. 447 0. 076 0, h22 60
v Mot 0F 42 B0DLCR. e veas]eemuenns o452 | o005 | 0o0n | 80
The daily consumption for 1880 averaged 26,600,000 gallons, and frequently reached a maximum of 40,000,000
‘ gallons,
) The total number of hydrants is divided about as follows:
BOBLOD o e veneiiecneanen careaiacne aaan O, L 1,820 | Door d8lant. . e e cie e ceaihae s nnnranenn tmeunt nans 16
Soutl BoBtON cenren criivineat i e 480 || Brookling - .uey cevecmue ceuewnnn aunsennan &
ast Boston ceaans feeea e cnar 207 || Charlestowil, suuees susvaeianmrsssnessoesnsnnsnass 3
- Boston Highlonds . ......... D, e 788 Il Chelseq ..... o ewmrt eam e ey, aas e 8
Dorchester aoveevennn b e mmaranumue enue i, aan 683 —
3 "W(\qtl{oxbury..................,................ Hith TOtAl ¢ s ceee it i caan e Casineas 4,144
i Brighton aeeeveiniu i e i 207 ==
The followin g tablo gwes the total 1en gth o[‘ mains hud Lo Msw 1880
DIAMBTER OF PIPIS IN INCIRS,
Aggro-
| goto.
, ‘ 80| 48 40 30 30 24 20 10 12 0|9 8 8 4 8
Teot of pipo Inid in Drookline,
Boston Ilighlandﬂ, and chton
PLOPOL sennenncnnarsunnnesonsan w-e.| 7,283 | 28,100 | 20,070 | 26,770 | 8,778 | 5,823 | 20,100 | 116,721 [....... 036 | 83,880 | 824,781 | 04,006 |.....
Number of stop. aooka ln BOATO..| .. (i 4 8 11 11 0 45 b1 R R 105 877 416 |...-.
. .
! ebi]: Oflm.p.(i lnulm 13()ston IIig,h . 11,427 | 6,200 ] 12,130 ) 87,220 [....... 016 | 7,107 | 104,706 | 20,84 | 208
Numnber of stop-cocks in samo..|....l........, .. 130 [iaeevvnforonans 15 361 120 2
Foot of pipe laid in Bounth Boston.|....}. [ PO crreemanf 18,200 fouuians 47,0664 |coenens 105 | 6,160 | 120,381 [ B7,170 |.....
Number of stop-cocks in samo..f....}. : 7 fevenn eeforanans 0 248 12 |.....
Foot of pipe laid in Tast Boston. ..[.-..|. 36,715 | , 028 218 | 28,074 ;| 86,841 6,611 |.....
Number of stop-cocks in samo..j....|.. 45 I PR 16 154 1+ 70 -
Feotof pipo laid in Dorchester... |....]. 106,070 [vvnanes 1,840 | 27,762 | 119, 416 4,331 ...,
Numbaer of atop-cocks in snmo..|.... 128 Loeravaitionnans 42 287 2B ...
Tootof pipolaidin West Roxbury.d.ccifeeevsmarfecanimne]anas PR R vans 10| 2,810 ] 72,190 [aeueue,conenn W 87,818 | 47,276 1,452 |-....
Number of stop-cocks In swme..f....d.eae .. T I PRV Y P 1 (1110 [N 15 95 LN SN
Feob of pipe 1aid in Brighton...... vesefrascron]innaennifinns sneelianrenas|inenrane|senrrnan 8,978 | 42,007 |seaneenferacnes 21,772 | 28,173 520 fouenn
Number of stop-cocks In aame..f.eafieersceifiaarvarelormennn. [ R P [ ] 58 |iveunaofoonanas 2 62 8|--....
Feet ofp:pn]nid in Newton, Nood-
ham, and Chestnut Hill reser-
voir, Framingham ....vvennne 260 16,051 | 1,485 20 2,048 Joineaifivercasfiaeriraan 300 [ennieini]ionns
Number of stop-coeks in samo..|....foeeeere| cerenen 2 [ T FTON PO A LR ICEITRYEN IFRP
T%‘%lb]?“.gm Of. ])ipc lmd, in 206! 23,834 | 24,001 | 21,806 | 21,010 | 26,447 | 44,000 | 46, 800 | 611, 1656 | 8,023 | 3,234 | 15,110 | 804, 883 | 173,008 | 238 | 1,906,216
Nuwberof stop-cooks putin.|.... i 6 11 13 25 20 80 782 i 21 PO 203 | 2,020 75 [ 2 9, 981

The water-works of Boston are under the control of the present city engineer, Henry M. Wightman, and W.
o~ 1 01 e oY a
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HARTFORD, CONNECTICUT.

Hartford contains a population of 42,015 inhabitants, and is situated on the Counnecticut river, about 40 miles,
in a direct line from Long Island sound. Tts business interests are largely mercantile and manufacturing, Itis
situated upon a succession of ridges of land running north and south. The first of these ridges rises from the river
for o distance of a few Dlacks to the prineipal street, and thence it falls for several blocks to the tracks of the
New York, New Haven, and Hartford railroad; crossing these, the Jand wgaiu rvises vather sharply toward the west,
forming Asylum hill, upon which the dlstl.lbutmg yeservolr is located. The ridges mentioned ave also intersected
i1 the southern portion of the city by a narrow strip of lower land.

Water was frst introduced into the city in 1850, and is owned and mauaged by the city. The Jargest part of
tho supply is derived by gravity from a number of small streams in West Hartford and Farmington, about 5 miles
west of the city, known by such names as Trout brook, Mine brook, Cadwell brook, ete., having a total drainage
area of about 9.58 square miles, and situated among the hills at an elevation above the Connecticut river of 260 feet
to the level of high water in the first or oldest reservoir. In addition to this gravity supply there is an auxiliary
supply from the Connectient river to certain portions of the city during dry weather, by pnmping machinery on the
wesh bank of the river in the upper part of the c¢ity. The pumping is direct into the mains, and a pressure is
produced equivalent to 125 feet head,

I 1866 the pumping-works which furnished the original supply were supplemented by an additional supply
from the first new reservoir on Trout brook, in West Hartford, which had been begun in 1865, and completed at a
cost of nbout $200,000, including supply-pipe, damages, ete. ‘

This yeservoir, located on 'l‘rou‘r. brook, and known as No, 1, as detailed by the commissioners in 1867, flows,
when full, 32 acres, and has a capacity ot 166,600,000 gallons. ’l‘he dam has a total height of 53 feet, vising 6.3 feet
above the top of tho water, mld is 782 feet ]onﬂ‘. As already stated, the high-water surface is 260 feet above mean
high water in the Connecticut river, The dam is 27 feet wide at the top; slope, 3 to L on the inside and 2 to 1 on
the outside. A puddle-wall extends from 3 feet above high-water mark, where it is 4 feet thick, downward through
the center of the dam to the base, where it is bedded in the rock and is 25 feet thick, Three 20-ineh maing, oneas a
waste-pipe, pass through the base of the dam. It was partially destroyed by afreshet.  The above is the condition
now existing. It was planned by Willinm J, MeAlping, eivil engineer. The waste-weir is 42 {ect long.

Reservoir No, 3 is located on Mine brook, and about one-tenth of a mile north of No, 1, It flows an avrea of 44
acres, has a capacity of 283,604,375 gallons, and was built in 1868, The dam is built upon a foundation of roek,
and is construeted of enrﬁh, with a poaddle-wall similar to that of No, 1. Its width at top Is 87 feet, and ity total
length 1,300 feet, It extends § feet above high-water line, has an interior-slope of 3 to 1, covered with o wall of
riprap. The exterior slope is 2 to 1, and the extreme height of the dam is 42 feet. The maximum depth of water
is 33 feet. Oue 20-inch and one 16-inch pipe are laid through the base of the dam, This reservoir, though called
No. 3, was the second one built. Ity waste-weir is 56 feet in length.

The storage capacity of these two reservoirs being insuflicient for the purposes of the city, o thivd one was
built, and completed in 1875, known as No. 4. It is located about 1 mile northwest of No. 1, on & branch of Trout
brook, in a valley bordered by considerable hills of trap-rock, and on cleared and grubbed woodland, As deseribed
in the reports of the commissioners, the following dimensions, ete., are given:

The Lottom trench was cut 25 feet in width to rock, at a depth of 19 feet below the hed of the strenm.  ADbove
this the earth dam was built to a height of 42% fect above the bed of the stream, with a cove of puddle, as in the
other two already described. The length at the bottom is 170 feet, at the top 560 fce Extremo width at the hase,
236 feet; ab the top, 30 feet, and at high-water line, 50 feet. 'l‘lu, dam rises b feet 6 inches above high-water line,
The interior slopes 3 to 1, the exterior 2 to I, with a riprap facing 30 inches deep, of stone,

A waste-way 25 feet wide was con&trueied about 700 feet above the dam on the castern shore, and passes
around the end at o distance of about 100 feet from it, discharging into the stream 300 feet below the dam,  Two
discharge-pipes are built through the base at the {ormer level of the stream—one 20 inches and the other 18 inches
iu diameter, both Inid in a puddie-wall and protected by screeuns, A dike 310 feet long by about 5 feet deep has
been built at the northern end of the reservoir to prevent the escape of water into Mine brook., Aunoether dike 123
feet long by 4 fect deep prevents escape into the sontherly section of reservoir No. 8, which i{s 6 feet below it in
level. A 12.nch pipe connects reservoirs 3 and 4. These dikes have o facing of riprap as in the main dam,

The area of land overflowed Dby the reservoir at high water is 25.42 acres, and containg b that stuge about

4,624,800 gallons. Lhe whole cost of construction was $59,117.  Average length 2,800 feet, and average width
3&() lu,t.

Reservoir No. 2 has never been completed, but is deseribed in the report of 1880,

The distributing reservoir is sitnated on Asylum hill, in the western portion of the town. It is an earth-
embankment reservoir, 8380 feet long by 180 feet wide at the level of the top of banks, and 360 Ly 168 feet b

water-line. The total depth to high-water surface is 30 feet.
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The embankwments have a puddle-wall ruuning through the ecenter, the dimensions of which can not now be
ascertained, as no drawings exist. The slope of the banks is 1 to 1 inside and 1% to 1 outside.
riprapped with stone laid dry. The total eapacity is 10,000,000 gallons.

The gate-house surmounts & chamber containing two compartments, aud is 20§ by 22 feet.  There are two supply-
maius and oue force main, and an 8-inch waste-pipe from the chambers. The force-main is 16 inches, one supply-
pipe is 12 inches, and the other 8 inches in diameter. This reservoir is gradually falling into disuse. In April,
1879, the east and west banks gave way, emptying the basin and permanently weakening the banks, since which
time but 25 feet of water has been retained in it, solely to prevent internal collapse. The slope of the inner face
had evidently been made too abrupt for the materials used. ’

In addition to the gravity system already described, the pumping-machinery is employed as auxiliary during
the summer months, and for a short time in the winter when the supply is short and consumption at its maximum.
It consists of & beam-engine of the ordinary river-steamboat type, driving, by means of gear-wheels, & set of four
plunger pumps, forcing the water directly into the mains. It was construected by Messrs. Woodruff' & Beach, of
the Hartford Machine Company, in 1873. One set of machinery erected in 1855 had been removed. The engine is
condensing ; eylinder, 34 inches diameter; stroke, 5 feet ; is run at about 40 revolutions per minute,
valves are operated by a cam-shatt with plug-rods, and a Wright’s cut-off is employed.

The condenser is of the jet type. Air-pump, 21 inches diameter by 2 feet 10 inches stroke. The cost of the
engines and pumps together is said to have been $18,244, The steam is supplied by one drop-flue boiler, with two
tubes of about 16 inches diameoter, It is 8 feet 7 inches in diameter by 22 feet long. The usual pressure is about
20 pomnds, with a consumption of 4 tons of anthraeite per 24 hours, and pumping about 3,500,000 gallons.

The pumps are four in number, located at the hottom of a deep well at one side of the engine, and operated by a
system of gearing. They are plain plunger-pumps, with o dinmeter of plunger of 22 inches and stroke of 4 feet. Tho
average speed when in use is about 10 (double) strokes ordinarily, and from 12 to 18 per minute in case of fire, The
force-main direetly conuected with these pumps is 16 inches diamoeter, and the head maintained is about 122 feet at
the pump-house. The valves in the pump-¢ylinders are rubber-faced wood-seated puppet-valves, with a lift of
about 2 inches, diameter nnknown. These pumps were guaranteed to pump 4,500,000 gallons per 24 hours, hut
ara not employed at more than 33 million, No duty-trial of the engines has ever been made,

In the construction of the Hartford water-works the cost has been approprinted to the various departments
as follows:

The inner face is

The puppet-

Engino- | Storage-lot, = Now works
Bpondiiures, | Tauping | Doty doo | sesosvole pats i Soieo | R | ot
plor, ote. | housa. fotes, YFnrmington.
To March 1, 1857...... IR, 244 75 | $56, 0‘1'7 05 | $74,845 48 | #182, 010 75 | #$6,108 01 $330, 9047 70
In 1857 eeuueuen . 256 26 |. . 23,410 60 8, 095 07 |. 27,181 01
In 1858.ccivuuenn . . 78 60 3, 048 08 2,645 02 |. 6,271 20
In 1869.ccmeronn P 1,218 81 6, 250 16 2,028 11 {.vvanes 9,815 41
T 1860, s nnaanncanes]vmunn PR, E e A I RN b, 202 21 2,847 08 |.... 8,496 93
B STU £.{1) AR P 60 04 041 00 8,008 68 1,430 20 |. . 10, 244 00
5 T R 8,228 70 | 2,924 16 |veerurrenrrnns 10; 452 B1
| T 1803 eeaemreeaannen. . 12,847 05 | 2,120 3 14,470 08
In 1804... . . B, 137 30 3,127.38 sew 9,004 68
In 1805... 1,603 05 1,022 10 |....n e 3,285 84
In 1866.-. 84,168 82 2,140 07 | $205, 642 62 241, 850 41
In 1867... 18, 221 83 2,008 44 72,028 0L 88,244 17
T 1808... 18,140 84 4,509 21 80,448 41 104, 181 96
Tn 1869... 18,222 87 8,507 40 27,401 42 44,281 75
In 1870... . 20, 665 06 4,776 71 18,113 04 44, 565 41
In 1871.ccnus 30,528 08 4,852 14 200 00 47, 580 82
In 1872..... R DR . 36,220 83 5, 398 46 408 79 44,945 07
Tn 1873 68,770 22 4,810 01 0,825 80 79,122 18
: n 1674 21,501 R0 | 4,800 50 | 111,085 20 | 187,003 59
L In 1875... ; 16,706 06 | 8,808 54 | 67,371 80 77,070 00
g In 1870 anensees temsmar|enrenenanaae 18,141 23 2,134 80 7,020 04 22,803 20
! T 3BT s iiniiccnas]|iumrorvaonanfovanencnuunne|acnunssanues 7,701 84 1,872 7 862 10 9,000 21
In 1878... - 1,875 68 1,604 87 11, 644 04 15,116 49
Tn 1870... - e 2,718 36 1,620 33 84,124 86 88,472 55
Totaleeenervuen.. 80,724 06 ; 57, 787 53 | 84,025 27 560,128 57 74, 005 70 087,236 22 | 1,495,408 26

The main conduit from the West Hartford reservoir consists of 51,896 feet of 20-inch pipe, laid in two parallel -
lines, one being cement-lined swronght iron and the other east iron.
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34 WATER-SUPPLY OF CITIES—SPRINGFIELD, MASS.

The distribution is carried out by pipes of the same character as the conduit, of diameters 3, 4, 6, 8, 10, 12, 16,
20, and 24 inches, the different lengths of which are:

Teet.

3-inch .oooiniiiaan e er e m eeeaae seeaasamme s cianas Ammaay smmens tnme aemman mmner s e mmemeene e 2, 2565
T 25 1 V.Y | R PR g g 44,171
(515§ U g 210, 487
L 5 b emeeamaeeeannan 21,796
L1 5 ) o 4, 463
L 9, 690
25§ T P RPN £ A
0 'Y 5 51, 806
2 ') g e e e i 140
B30 g QR 3069, 610

The total length of pipe laid is 704285 miles, divided as follows: 544455 miles of cast-iron and 153{#E miles of
wrought-iron and cement pipe.

The consumption amounts to about 5,000,000 per 24 hours, and the number of water-takers is about 5,000,

The annual expense of maintenance and repairs for 1879 was as follows:

Interest on bonds . .......... b e m e eaeee s vammes hemmee aa s eea e e e nE e AN weaeanenin cenuey aans $62, 120
RROPAITE weu v venmne asenmnsooncre totemennance snnnns cmnn smmmne tmnans tmamns Amny mans manm smmmne mmae nneennsmnan 17,481
CUTTOUE OXPIOTIICE « o v aseane o imme cunsns asanns tmemns taamrs caasns numcms o nat osnran onveaoncusaenans smmmus 13,513

OB s v e e e see e mm cea rma chme bam emamme emamae e mmn haee s ea . ann e bmamat ey mmmnan 03,114

The total number of gates in use iy 5705, and of hydrants 362, Holyoke patent post.
The purity of the water may be judged from the following analysis by Professor B, Silliman in 1861:

No, 1.—Irom Conneotiont river :

L) 1 S graing per imperial gallon.. 3,07
Organie motter.....oveinas e e mm e rm e arae aen s ameaaruan e eivea e aiaeeea e [0, T 1,26
Inorganie Matber oo corr i i e i ian smee e n e reneemara e sekas sans QOuieean crnn s 1.8
Carhonato 0f T . cuuus on it it i e te e s s s ute s e e e e e e e Ul TR 0.0
8 D T degrees.. 1.064
No. 2,—Irom Troul brook:
03 U L U graing per imperial gallon.. 3,91
Organic Mabtier. . ee s ceeie bt it i ciee it smameaancnm e e RN (10 195
Inorganio Mbler .o i i i i e r it ter et a i et rane saaaes AOvarenncenn e 1.95
Carhonnto Of L0 ¢ cune ver et o e i e tedaee saacnn cmmmns sammas cmnn emmnm e —meeamnm—n ——— Ot ceeeeamnen 0. 01y%
13 T o P weewdeprees.. 1,19

The works arc at present under the charge of Mr. Edward J. Murphy, president and superintendent.

SPRINGFIELD, MASSACHUSETTS.

Springfield, containing a population of 33,340, is sitnated on the east bank of the Connectient river, 26 miles
north of Hartford, Connecticut. It is pre-eminently a city of manufactures. Owne portion of the city is in a low
level aren and the other on an elevated plateau. The plan of the streets is regular and rectangular,

The water-supply was first furnished to the city in 1840 by a private corporation, whose property was bought
and enlarged in 1874 by the ecity. The system is by gravity from three artificial reservoirs, one located 10 miles
east from the city and two within the city limits, The former, known as the “Ludlow reservoir”, supplies the
high-service waing, and the latter, known by the names of “Lombard? and “Van Horn”, at aless elevation, supply
the low servico.

The former (Ludlow) reservoir was added to the system in 1874, and drains an area of about 3 square miles,
The soil overflowed by the reservoir was chiefly sand and gravel, with a small area of marsh and 281 acres of
woodland, the rest having been under cultivation. The maximum elevation or head of water above the main street
iz 312 feet. The average annual rainfall in Springfield for 25 years is 45.33 inches.

The area of the Ludlow Reservoir water-surface is 445 acres, and its shape is shown in the accompanying map.
The marshy portions were sanded over to a depth of 18 inches, and the part included DLetween the Tmdlow dam
and the filtering dam, an area of 34 acres, was covered with sand to a depth of 2 feet.

Two dams retain the waters of the different streams and form the reservoir. Omne of these is known as the Cherry
Valley dam, and the other and smaller one as the Ludlow dam. The total capacity is 2,000,000,000 gallons, The
latter is shown in section in the drawing on page 36. The whole front of the dam, from the gate or toe of the
slope to the bael of the priming-wall, was built upon a hard-pan foundation, and the base of the wall is sunk 3 feet
into this foundation. This priming-wall is 18 inches thick, of stone in cement, and extends to within 2 feet of the
top of the embankment, the top being covered with a rubble-wall 2 feet by 18 inches throughout the whole length

of the dam. The dam is 2,352 feet long, 1,021 feet of it Leing only from 3 to 5 feet high, and of a total height of 39
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feet, The length of the priming-wall is 1,207 feet. Height of top of bank above top of water, 4 feet. A voll-way
or waste-weir, 34 feet long, paved with stonu and resting upon a ledge, discharges the waste water, The width of
embankment at the top is 20 feet, with a slope of 2 to 1 inside and out. The whole of the filling is puddled earth,
and is faced with a granite riprap 12 or 24 inches thick. Through the base of the dam extends o waste-pipe 20.
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MAP OF THE CHERRY HILL RESERVOIR, Ground plan, Rear olovitien.

inches in diameter, surronnded by stone masonry for its cutire length and provided with a gate at each end, tho
upper one being inelined at the angle of the inmer slope, and operated froni the top of the dam by arod, A dry-
stone drain, filled with loose stone, and 5 feet square, extends along the wiole lower toe of the dam,

The Ludlow dam, the position of which is shown on the plan 01‘ the lake, is somewhat similar in construetion
to the Cherry Valley dam, being an earth puddle embankment with a masonry priming-wall of 3 feet 4 inches
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SECTION TIIROTGII LUDLOW DAM.

thickness, which rests on a stratum of gravel and hard pan, and 18 inches below the foundations of the remainder of
the dam. This wall, of rubble in cement, is built in two vertical courses, separated by a space 6 inches in width filled
with concrete, the totfxl height Leing 21 I‘(,nt 0 inches, and rising to within 2 feet of the top of the enbankment. The
total length of the dam is 496 feet, tho priming-wall being of the same height. Width of banks at top 35 feet;

inner slope 2 to 1, outer4 to1; the former paved with stone asin the other dam. The top is 4 feet above lnwh-

water surface. ’J?he depth of watcr in front of this dam averages 14 feet. The cut shows the constrnctxoln of this
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36 WATER-SUPPLY OF CITIES—SPRINGFIELD, MASS.

dam. Another cut shows the details of the gate-house, which confains two outlets—one 30 inches in diameter,
running nearly through the dam, aud oue 24-inch supply-main. The former is for nse when the consumption shall
increase in the fature, The whole gate-house measures 18 feet 6 inches by 19 feet 6 inches on the outside, and, as
shown in plan, can be divided into three chambers by stop-planks sliding in grooves in the masonry. At present
a set of sliding sereen is placed in the compartment of the 24-inch main,

One end of thiz dam is 100 feet and the other 300 feet distant from the so-called filter-dam. This extends
across the arm of the lake directly in front of the Ludlow dam, and is a dry rubble wall forming a retaining-wall for

PLAN OF CHERRY VALLEY DAM.
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5 ﬁ(ﬁr(}x& gslui reservc?lilt‘; 5.6,410 feet of f_ZLL-inch main conveys the water into the city through 3,736 feet of cast iron,
be,a o ce?n e;llrou(%wj 1r‘oi1 iimant-hngd, and 168 feet of wrought-iron tube. The cement pipe is coated and
e : ng to the defective character of 1.he.foundatiou of the Cherry Valley dam a large amount of

o ing-screens may be placed on frame-worl,
espace between the filter and the Ludlow dam is covered with a, layer of clean
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weir as & sort of safety-valve. A plan and elevation are aunexed. This permits the (rawing off of the water
very rapidly in case of any impending failure of the dam.

The position of the waste-weir is shown in the plan of the dam. The capacity of diseharge of these safety-
gates is estimated at 540 cubic feet per second to draw off the first foot of water below the top of the weir,

leakage takes place beneath it, and it was found necessary to build a set of waste-gates in the roll-way or waste-
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The ares of the Van Horn reservoir at high-water level is 10 acres, with a capacity of about 100,000,000 gallons.
It is irregular in outline, with an earth dam about 1,000 feet long, having a clay-puddle priming-wall 12 fect
thick at base and 4 feet at top. The total width of the bank at the top is 15 feet, with slope of 2 to 1, and a total
height of 30 feet. The reservoir was built in 1867 by the water company at a cost of $10,000, One 20-inch and
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one 12-inch pipe convey the water from the gate-chambers. This was followed by the construction of the smaller
Lombard reservoir, which is identical in construction with it, the dam being 250 feet long and 30 feet high, with a
capacity of 10,000,000 gallons and an avea of 3 acres, There are two effluent pipes, as before. It was finished in
1808 at acost of $2,000. The two dams of the Ludlow reservoir are said to have cost $113,400. The drainage area
of the Van Horn and Lombard together has been estimated at about 4,299 acres,
The elevation of the Van Horn reservoir at water-level is 198 feet above city datum, and the depth 30 feet.
Of the Lombard the high-water surface is also 193 feet above datum, and depth 22 feet. .
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The distribution system contains 55 miles of cast-iron and cement-lined wrought-iron pipes, divided about as
follows: 14-inch, 211.0; 2-inch, 8,782.0; 3-inch, 08,5664.0; 4-inch, 41,926.0; 6-inch, 63,372.5; 8-inch, 54,726.0;
10-inch, 8,905.0 5 12-inch, 20,283.0; 16-inch, 22,180.1; 20-inch, 4,364.5 ; 24-inch, 56,624.5; total, 339,838.6 linear feot,

The sizes in use may be seen from the table. There are 378 Matthewy patent fire-hydrants in use. This
system supplies about 3,500 water-takers, representing about that number of service-pipes.

The consumption averages about 8,000,000 gallons per day, but the quantity is not exactly known. The first
cost of the works is given at $1,250,000, and the annnal expense of maintenance and repairs for 1879 was $10,369.
The analyses of water in the Ludlow reservoir, given below, are by Professor W. . Nichols, of the Massachusetts
Institute of Techuology, at Boston: '

Lramination of water from Ludlow reservoir.

LARTE PER 100,000, ‘ GRAING PER UNITED BTATES GALLON,
E Solid residuc. E & o g Solid rosiduo.
a3, Heol =
Localisy, Date, 8" N g8 ) Y 1e Ty
d 2 a g |88 .| REE || 8 25 $ 1 8g 18 .
| go o .l & |a8a =) EE] g4 |eB %, |l §
§ | 2" BElg B RE) B | A7) B Y| 8
13 | §|&¢ 2 g 308|882 | 3
h 0T A |8 s | B |8 Tl &8 |8
teservoir nenr entranco of Droad brook...e.... Docomber 25, 1875., .| 0.0084 | 0.0172 |{ 3.00 | 2,10 | 5,76 || 0,20 0.82 || 0,0040 | 0. 0100 }j 2.10 ] 1.26 | 3,36 || 0,12
Contor of reservoir 6 feot below surfaco...... .. Decermboer 25, 1875...| 0,0102 | 0.0314 || 3.52 ! 2.88 | 6.40 || 0,21 1.81 1 0.0094 | 0,0185 || 2.05 { .08 | 3.73 | 0.1
Dci\j.wc'un gate-houso and flter § fuet below sure | Decombor 25, 1875...) 0.0108 | 0,0320 (! 3,80 ) 2,02 | G.28 |i 0.22 1,45 || 0,0004 | 0.0187 || .06 | 1,70 { 8. 00 || 0,18
ace,
Brond Lrook NEAL TEBULVOIL e nirv e caesnan Jovuary 17,1870, . ... 0.0006 | 0.0128 || 8,14 | 1.88 ; 5.02.| 0.20 0.89 || 0,0038 | 0.0075 |} 1.83 1 1.10 | 2,93 || 0.12
RESOTVOIY © it iiiarainicc cretiraiae s raarsans Tanuary 17, 1870..... 0.0120 | 0.0810 || 2,04 | 2,44 | 5.08 | 0.20{ - 2.03 {| 0,0073 | 0,0184 || 1.54 | 1.42 | 2,96 || 0.12
tegsorvelr, seeond BANPIY ceevniiiiirtiiaiiannen January 17, 18740. ... 0.0102 | 0,038 [ 2.40 { 264 | 6,04 | 0.20 1.40 {| 0,0080 | 0.03185 || 1.40 | 1. 54 | 2,04 || 0,12
Botween filtor and gato-houss evravneversinenn. January 17, 1870..... 0.0120 | 0,0240 (| 2.40 | 2. 08 | 5,44 || 0.20 1,20 4 0.0070 | 0.0108 || 1.43 | L.74 { 8,17 || 0.12

The works are controlled by Messrs, N, 'W. Talcotit, S. W, Porter, and C. O. Chapin, water commissioners,

The experience of this city with eement-lined pipes iy thus tersely given by Mr. G. A. Ellis, the city engineer:
“Qur experience is probably as favorable as any in the country, but not enough so but that its use for new work
for the last five years has been discontinued.”

NEW LONDON, CONNECTICUT.

\

New London containg a population of 10,5637 inhabitants, and is located upon the eastern bank of the Thames
river near its mouth. Topographically, it is located on ground rising from the river and more or less hilly. The
principal streets are pretty regularly laid out ab right angles to each other, with a few diagonal or irregular streets
intersecting.

Water was first introduced into the city in 1872 hy the city authorities, and is derived by gravity from an -
artificial reservoir known as lake Konomoe, situated about 6 miles out of the city, The water-shed of the lake is
calculated at about 1,206 acres, while the area of the water-surface in the lake is 225 acres. The storage capacity
is. estimated at 600,000,000 gallons. The bottom was cleared of muck, stumps, ete,, and the soil remaining was
prineipally ¢lean and sandy, The depth of water is about 13 feet at high water.

The dam is located at a point on Tiake Xonomoe brook where the banks are within 225feet of each other, and
are composed of layers of sand and gravel. At this point a substratum of quicksand, from 4 to 6 feet thiclk, is
overlaid by a layer of ubout 2 feet of hard pan, upon which again are a few feet of light soil, TUpon the hard pan the
priming-wall of rubble masonry was built after o layer of 2 feet of concrete had been formed abont 10§ feet in
width and carefully united with the hard pan. The priming-wall at its base, where it thus rests on the concrete,
is 44 feet thick, and diminishes to a thickness of 2 feet at a height of 1 foot above high water. The total length
is about 275 feet, which includes the distance to which it extends into the banks at the ends, amounting to about
50 feet.

The face of the dam is puddled, lined with stone riprap from 8 to 12 inches thick, and sloped 1§ to 1 up to &
point 1 foot below high water. The riprap facing is capped with a vertical wall 5 feet high and from 2 to 4 feet
thick, The back of the dam is gravel-banked to 2 slope of 13 to 1, and giving the total width at the top of 25 feet,
the priming-wall being in the center. The overfall, as detailed by Mr. W. H. Richards in his report of 1873, is
sitnated in the center of the dam, is 9 feet thick at the bottom and 4 feet at the top, surmounted by caps of
dressed masonry 2 and 2% feet wide, vespectively, The 2-foot caps are 6 inches above the edge of the overfall,
and at this point the latter is 15 feet wide; above the 2-foot caps the width of the overfall between the wing-walls

is 25 feet. The wing-walls flank the overfll, and are 7 feet 6 inches wide at base, terminating 8 feet wide at the
level of the top of the dam. '
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A cheggnut apron laid in concrete and extending 12 feet in tront of it
D roteets the dam from being washed away in front of the overfall, ,
extends also 45 feet from the apron.

The efilgent chamber east of the overfall is 4 fe
having three cast-iron gates at different depths,

together with a 2-inch sheet-piling,
A paving of the space between the wing-walls

et by 4 feet 6 inches inside, with a screen opening 30 inches wide,
each 24 by 30 inches, The screens are copper wire with F-inch
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SECTION THROUGH DAM AND EFFLUENT CHAMBER

=

Srake Vel

amber is of masonry, and 8 by 10 feet by 9 feet high, containing the

' ‘e eate-house above the effluent ch ;
phesh. D o e a 24-inch cast-iron pipe runs through the dam and connects with

hoisting machinery, From the effluent chamber
thae wmain conduit, .

On aceount of the substratum of qnicksapd? it w
into the quicksand 20 feet in front of the priming-w
Erooved and 2 incles thick, and fastened together by b

as deemed advisable to drive a row of sheet-piles 8 or 10 feet
all and through the hard pan. The piles were tongued and

ands of 6-inch pine timber.
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Abont 1 mile above the dam a filter dam 20 feet wide by 12 feet high, of loose gravel,is Duilt and used as a
driveway.

The main conduit is of Scotch-clay pipe, such as is employed’in sewer construction, and 24 inches in diameter,
laid in 3-foot lengths with cement joints.

A stand-pipe situated 6,526 feet {from the dam consists of a 20-foot vertical wrought-iron pipe 20 inches in
diameter, with its top about 2 feet above the level of the lake. It is intended to lessen the shock on the conduit
caused by a sudden closing of o gate. The total length of clay pipe is 6,826 feet, and at the point where the stand-
pipe is located the foot of the Iatter is 184 feet below the overfall. At this point the “main” beging, It isa
cement-lined wrought-iron pipe buried in cement, and 16 inches in diameter, extending into the central portion of
the city, a total distance of 27,200 feet. 4

The head of water in the city varies from a maximum of 180 feet to an average of 125 feet. No distributing
reservoir is used.

The distribution mains are of the same material as the 16.inch main, 4, 6, 8, 10, and 12 inches, respectively, in
diameter, with a total length of 15 miles. There are 109 hydrants, made by the Boston Machine Company, and §9
gates, ‘

The consumption has mever been estimated, but may be approximated at 2,000,600 gallons per day. The
number of consumers or service-pipes is 1,250. The rainfall in New London varies from 60 inches, as in 1874, to
40 inches, as in 1878, averaging about 48 incles per annum.

A statement of the total cost of the works to September 1, 1880, is appended :

Pipes and apPendages. e s v s ceuies caneut ot cmm ca o aaacm e e me aane e e am anaeenm st .. $200, 794 30
Land and damages..... e e e e e e et et e emae e rae e aaan veee 22,865 89
Lake IK0nN0MOE ONQ QUM oot it s e e e ot cmas e e e e e e e eaa et am o anamme e my vnanas 37,9074 45
Service-pipes and teMPOTATY MAINE. .. Lo ot ittt it e rat e ern s aamneecamant s a——nns 22,001 70
I O - - e e et e et e it e it et ce e e aeaue et men e m e nan e re——a. 4, 860 72
Extonsion No. B cnn ittt ctcacs twmme e et e e eaann e teedeimmn ateemnneeanaa 467 06
B ) U 018 80
MObOr RECOTIT - e ettt e e m i e et e o e e s mans temmet e e e e e e e e e 1,196 18
BLYArant A0COTME. 1 a s cuat it wet it i et te e e c e e e et e e e an i —anaannn 54 77
Street COmMMIBSIONRIS. (i e i v e e e e et e et e e Semmameinanan 326 70
Manufactnre of 80rviee-PIPES v et comae e ar crae i e e aes e eeetaceamtsesmatarenaene e 800 00
L 366 37
Totale s e e e

The first cost was §264,000. The annual expense of maintenance and repairs is about $3,000, not including
interest.

The following is an analysis of the water (results expressed in parts in 100,000):

BOLID RESIDUUM,

o B

a Authority,

Locality. Date. ﬁ
ks «1
a8 h<1

“ Albuminoid am-
monia.”
190

rganic  an:
<o
Tetalas

Lake Konomoo nenr bottom, at a depth of 26 feot.| Dee. 23,1870 | 0.005 | 0,016 || 1.60 [ 1,20 | 2,80 1
Lake XKonomoe at 6utlet . cuve s eereennnenn, Dec. 23,1879 |.vvven Jeenenacdlonnisenens 8,00 | »W. R, Nichols.
........ Dec. 11,1870 | 0.006 | 0,008 !l.evuif.nenr.| 3,88 J

PORTLAND, MAINE.

Portland bas a population of 33,810, "It is situated on & piece of land projecting from the west shore of Casco
bay; 3 miles long by § of a mile wide, rising rapidly at Doth ends. Tt is regular in plan of streets, and is chiefly a
commercial eenter for the state,

In 1869 the Portland Water Company introduced a gravity supply for domestic and fire purposes from lake
Sebago, lying 17 miles west of the city. It has a drainage area of 100 square miles. A cement masonry dam,
constructed at its outlet, raises the water to a higher Isvel than the natural surface of the lake. This dam is 148
feet long and 15 feet high, with a thickness of 133 feet at bottom and 63 feet at top, a perpendicular back and a
sloping face of 7 horizontal to 15 vertical. Tts cost is approximated at $40,000. There is no gate-house connected
in the dam with the main conduit, but the latter comes from a different part of the lake by a conduit of wood 4 feet
square, extending 80 feet out into the lake. At a brick gate-house, 27 by 33 feet, on the bank, this wooden conduit
enters a brick conduit 24 by 33 feet and 2,000 feet long, when it enters a tunnel 33 feet high, 6 feet wide, and 1,360

feet lon gé ;gith & fall of 1.775 feet. Another length of 2,080 feet brick conduit with semicirenlar erown and curved
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invert connects at another gate-house, 15 feet square, with two cement-lined wronght-iron pipes, one 20 inches in
diameter and 83,119 feet long, the other 26 inches in diameter and 18,500 feet long, whence it is diminished to 24
inches in diameter and extends to the city side by side with the 20-inch pipe, a distance of 63,669 feet, making
two main conduils entering the distributing reservoir. The high-water surface in the lake is 267 feet above mean
tide in the bay.

The distributing reservoir is nearly square in plan, with earth embankments, puddle-faced to a depth of 18
inches, and is protected by a stone riprap 8 inches thick. Thickness at top of banks, 20 feet; depth when full, 28
feet; capaeity, 12,000,000 gallons; area of high-water surface, 62,463 square feet; aren of bottom 32,100 square
lect- average 1(,11;:t]1 of cach side at water-line, 250 feet.  The surface is 160 feet above tide-water. The banks slope

14 to 1 inside aund out.

The water-supply is abundant, except in nnusual seasons when the level of the Take bas been serionsly lowered
Ly prolonged drought.

TFFrom the distributing reservoir the water is supplied to the consumers through cement.-lined pipes 16, 12, 10,
8, 6, 4, 3, and 2 inches, respectively, in diameter, of a total length of 65 miles, at the estimated rate of 4,500,000
gallons per day., The number of consumers or water-takers in 1880 was 4,414,

Both the Johnson and Lowry five-hydrants are in use, to the number of 202 in all.

The original cost of the works is unknown, but they have cost, up to January, 1880, the sum of $2,251,000, the
running expenses being $10,000 per annam. ;

The water iy of remarkable transparency, and contains 6.8 parts per 100,000, or 1.5 grains per gallon of inorganie
matter. The works ave at present controlled by D, W, Clarke, president, and George P, Westcott, superintendent
and seeretary,

NORWICH, CONNECTICUT.

Norwich contains a population of 15,112 inhabitants. It is sitnated upon the Thames river near the mouth of
the Yantie, and in a valley surrounded on all sides Dy high hills, Portions of the town are much more elevated
than others, and the streets are more or less irregular, The business interests ate chiefly manufacturing.

The water-works are under the centrol of the eity, and water was introdueed in 1869, It is a gravity system,
deriving its supply from a nwnber of small brooks and springslocated about 24 miles out of the city. Tho engineer
of the work wag James T, Fanning, €. E., and the following details are obtained from his ¢ Memoranda”:

Tho water-shed lies along the smwmit of a section of 1ho range of high Jand between Scotland road and Canterbury turnpike, and
the site of the resorvoir is in the valley on the westem slope of this range, which leads its waters to the Yantic river,  On the western
glope of this range, and opposite the site of the reservoir, lies another valley running eastward to the Shetucket river, These two strcoms
at one point approach each other within 500 fect. Aboub 1 mile below this the dam is located. A dam 30 feot lngh gives an overflow
into the eastern from the westorn valley.

The water-shed is caleulated to be about 483 acres, according to the surveys, with a rainfall of 55.89 inches as
an average of seven years, The capacity of the reservoir to the level of the overflow is 350,000,000 gallons; its
length, 1§ mile; average width, 480 feet; depth, 16§ feet; and aren, 66 acres. .

The dam is an carthwork embankment 26 feet wide on top, interior slope about 2 to 1, but convex near the
base, a8 shown in the accompanying cut; exterior slope, 14 to 1. A priming-wall is built through the center of this,
5 feet thick at base and 2 feet at the top, of stome laid in cement, and founded upon a Jedge of rock, The total
height of the dam is 35 feet, and length 408 feet on the top. The head of water in the town varies from 135 to 250
feet, the latter at tide-water in the Thames river. The dam is faced with 18 inches of stone riprayp.

The well-house construction may be seen from the drawing, and consists of a “circular masonry tower built up
through the interior of the slope to above the water-line”, Diameter on inside, 8 feet.

A. 16-in¢h cast-iron waste-pipe, D, from the toe of the slopoe at the well-house passes through the dam, supported
on masonry piers, An 8.inch brs m(,h -waste, O, serving to empty the well-house, rans side by side with the former,
joining it outside of the dam. A 16-inch supply-pipe, with adjustable inlet, and a 10-inch branch supply-pipe, A
and B, also pass through the dam side Ly side like the wastes.

The adjustable inlet pipe is unique, and deserves mention in the words of its engineer:

A Y -shaped pipe-casting, forming the base of the efiluent pipe, rests on tho floor of the well-house, and is connected with the main
supply-pipe alveady mentioned, Tho arms of the Y are eurved into heart-shapo toward each other, are flanged at their ends, and 14
inches diameter. The foot of the adjustable pipe is in L-form and connected witl the heart-nrms by flexible joints allowing free motion
in a vertical plane, Length of adjustable or movable nrm 27 feet, and its end ean be raised above the surface of the water.

This inlet-pipe is of copper, and a screen covers the open end. A Dlock and taekle in the well-house supports
a counterbalancing weight.

The gate-house is a civenlar stone construction of 11 feet inside dlamctcr and the top even with the surface at the
toe of the exterior slope. A masonry culvert receives the discharges of the waste-pipes heretofore deseribed, and
empties into the Lrook below the dam. A rubble-masonry wall is built 3 feet high entirely around the basin, with
appropriate passage-way and surface-wash culverts. About 20,000 stumps were cleared from the bed of the reservoir

during the construction. The level at high water in the reservoir is 4 feet Lelow the top of the dam. Tl;&reservoir
4
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has been stocked with fish, and serves both as impounding storage and for'distributing. The water is brought from
the reservoir to the city through a cement-lined wrought-iron pipe buried in cement and 14 inches in diameter, of
9,000 feet length, and one 16-inch cast-iron main 9,000 feet long. The distribution is accomplished by about 31
miles of cement-lined pipes with some considerable lengths of cast irou. The sizes used are 10-, 8-, 6-, 5-, and 4-inch.

The number of water-takers averages about 3,000, and the consumption is estimated at from 750,000 to 1,000,000
gallons per day.

Two hundred and forty-seven gates and 254 hydrants are in use at the present time, the latter being made by
the Boston Machine Company.

The original cost of the works was about $272,000, including about 9 miles of distribution mains, one 14-inch
main, and 68 hydrants. The total cost to Janunary 1, 1880, is about $411,879, and the annual expense of maintenance
and repairs, not including interest, is about $4,000.

The city is about to construct additional works to supplement the present insufficient supply.

The quality of the water may be seen from the appended analysis by Professor Silliman, made in 1873, to be
of exceptional purity and softness,

The present engineer and superintendent is Mr. ¥. B, Winship, of Norwich, Connecticut.

Analysis of the water.
[Results oxpressed in graing per gullon,]

Organio
Samplo Mineral Total | Dogroes of
No. Souree. matter, vo?lll‘t‘}le. solid. | hagdnoss.
) S 22 feot below lpko surface.... 1. 166 9.70 1.860 0, 560
b 12 feot below lInke surface.... 1. 149 0. 60 1,740 0. 540
Bovernnn Surfnce of InKO.covovrnmesnane 1. 050 0. 58 1. 680 0. 610
binannn Whasto-pipo of JaKo.-v. v vennee 1,800 0.70 2,000 0. 500
Boceeens| TMonse fAUCSE . vaesrvanenscnnes 1071 0.70 1, 808 0. 500
AVOIRED oneenereainans 1. 167 0. 674y 1, 844 0,546

'  CONCORD, NEW HAMPSHIRE,

Concord, with a population of 13,843 inhabitants, is located on the right bank of the Merrimack river. It
stands on level ground, gradually rising from the river-bank upon a granite formation. Its industries are
manufacturing, the products being agrienltural implements, belting, wagouns, and cotton and woolen goods.

In 1873 the municipal authorities introduced water into the city from Pennacook lake, formerly known as
Long pond, 300 acres in extent, and situated about 2.84 miles in a northwesterly direction from the center of the
city. The drainage arca of this pond ig 3 square miles, and the elevation of high-water surface is 122 feet above
Main street opposite the state-honse. A dam hag been built across the outlet of the lake, about 2,000 feet below
an old dam, adding 200 acres of water-shed, The seil is sandy and is underlaid by granite.

The dam is an earth embankment, 110 feet long at bottom by 280 feet ab top, 100 feet wide at bottom and 20
feet at top. Total height 20 feet, with a slope of 2 to 1 outside and in. Through the center of this dam, extending
the wholoe length, is o masonry priming-wall of granite in cement, 3% feet thick at base and 2 feet thick at top.
The face of the dam is protected by o riprap wall of quarried granite iu cement,.

The top is used as a driveway, connecting the opposite sides of the creek: A masonry gate-house rises through
the upstream side of the dam, 13 feet square at the base, tapering to 10 feet square at the top, a height of 23.5 feet of
masonry, and connects by a bridge with the top of the dam. From this three cast-iron pipes, two of which are 18
inches and one 24 inches in diameter, extend through the dam. One of the former connects with the main to the
city for the present supply, and the other is for use at a fature period, when an additional line of condait shall connect
with the city. The 24-inch pipe supplies the power to mills located below the dam, and the flow through it is
regulated by a gate operated within a small gate-house 8 feet square, of brick, on the lower side of the dam.
About 300 feet north of the main dam an overflow 40 feet wide has been built, the top being 4 feet below the crest
of the dam, the elevation of which is 185 feet above low-water mark on the Merrimack.

A briek eondunit has been built, connecting the outlet below the lower dam with the water of the upper pond.
This condrit is 2,000 feet long and 26 by 30 inches in diameter. Both ends are closed by gates.

As the water has to be measured, three Gem meters are placed in the iron supply-mains 200 feet below the dam.
This is the only instance in the country where the whole supply is measuved, and is due to the limited amount
allowed by the mill-owners using the power of the stream and originally owning therights, These meters are inclosed
in a stone chamber 10 by 16 by 8 feet, and covered with earth. They are {itted into the two 16-inch iron mains from the
reservoir, which combine on leaving the meters into one 14inch main of cement-lined wrought iron, 3% miles in length
to the city. The distribution mains are 4, 6, 8, 10, and 12 inches, respectively, in diameter, all of cement-lined
wrought iron, with a total length of 23 miles. Ninety-six Matthews patent fire-hydrants are in wse. The daily
consnmption averages 575,000 gallons to 2,000 water-takers,
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The cost of the dam was $19,523, and the appended list of items will show the total cost up to April, 1875, the
date of the complation of the works:

Summar) Y of all expenditures to December 31, 1873,

Londult and works at Long poud ... ... $20,360 53 | Euginecring and superintendence av....... &G, 955 &7
Maln PIpe. ce e i e e 44,411 15 || Tneidentals.. ..oeooieee ivoeee commme cnnnann 2,306 37
Distribution pipo.-coenmeeeci v ia.n 99,471 59 || General construetion ,.veeeciii it 895 26
Gates and hydrants.. .... e e, 18,106 18 || Damames . cuoc. cerane ceiree eenvammnscnaann 61,687 60
Servico-pipe. oo veve i i ien e 11,401 24 —
Dam, gate-house, and appendages.......... 19,523 99 B 35,777 70
Shop and tools. . coee ceiiar i s 567 92 ' —

Disbursements, January, 1874, to April, 1875.

Maintenance and care of works ............ $1,808 52 || Interest on the 8ame. ...cveverenemnaranan-  $1,457 80
ixtensions of distributing pipes, G-ineh and Buildings and water-privilege of I'arnum &
I ) A 2,554 60 Huamphrey .. oweeiiooannn. emmma e naan G, 000 00
Extensions of distributing pipes, 1-inch and Cooledge land and water rights............ 5,500 00
B 5311 +) 3 DO POR 2,900 60 || Mobers cereeruenennn. et eme e ana——- €83 30
SeIVICe-PIPeS c e ih e ai e e e aaas 4,839 18 || Genernl construction ....ee.eeeesvacacean.. 1,249 27
Long Pond works «eooeee ooiivinmen i canann 2,202 58 || Pipe purchased and on hand . ..o.cveenenn.. 324 60
Flowage on the ghores of Long pond - ...... 000 00 —
Amount paid Torrent Aqueduet Company Total «veinenar vnnn veceeenranananee e 40,110 45
and Nathaniel White oeeee oo il 20,000 00 e e
The pipe of the whole system is distributed as in the appended table:
Teet. Feot,
BU-inehmain oL i et i ceaa 1,950 || G-inch Aistrihution ..o veccevsienvence cnmenn 37,011
16-inchmain .. coen i it riis e aaas 181 || 4-inch Qistribution veoceseece e aemnenaneaena. 45,240
Id-inehmain oo me i i imeii i i e veeee. 13,506 || 1-inely @istribhution oo coee vemoun o e sennns 11, 747
1d-ineh distribution oo oo iiiiiiiiin 8,704 || B-ineh AIStEDMEION cet vt oo e e caeane {0, 830
12-inch distribution ... ..o el 1,622 I
10-tnch distribution «oooeer o inen iiinciveeeoe 3,084 B 72 187,412
8111(,11 Qdistribution . . - ¢ 1 74 —

The total cost of the worls to date has been somewhat over $350, 000 with an annual cost for the year 1879 of
82,468, The water, coming largely from a granitic region, compares favorably with that in other cities in purity.
The analysis of the water from Long pond, made by 8. Dana Hayes, state assayer of Massachusetts, in 1872, shows
the following results :

' Grs. per gal.

Inorganic MABLer ... e s e i i ici maaae amee e s asenas ceeemmnnnae eannanas 0,32
L ] PO O -
Total EMPUTIEIES «unm e ce e mace i e ev e tatii mercae sttt amana enes e 1. 80

RUTLAND, VERMONT,

This city, situated near the center of the state, contains a population of 7,502 inhabitants. The city is sitnated
in a narrow basin surrounded by considerable hills, and its streets are of steep grade in very many cases, with but
little regularity in plan. The strata underlying the city proper are generally Aolian limestone of econsiderable
thickness, with substrata of quartz-rock., ~ A narrow onterop of Pliocene ('l‘er'tiau*y) makes its appearance a short
distance to the east, separating the limestone from the quartz, but does probably not extend beneath the city.

Water for domestic purposes was first introduced into the city in 1853 by the city authorities. It is supplied by
two small streams, known as East creek and Tanyard brook, rising in a spur of the Green mountains, about 3 miles
east of the city. The North brook falls rapidly in its course, in some cases as much as from 10 to 40 feet in short
digtances, making the formation of any considerable sheet of water by damming an impossibility., A reservoir,
hoewever, has been built in the bed of the stream, and a main carries the water to the distributing reservoir in town,
about I mile from its center. This piping consists of 350 feet of G-inch cast-iron pipe, followed by a length of 350
feet of B-inch pipe, aud the remaining distance, equal to 10,025 feet, is 6-inch cast ivon, a total of 2.03 miles. From a
similar construction on Bast creek a length of 3% miles of 12-inch iron pipe brings the water to the reservoir in
town as before. The connection with the reservoir is so arranged that the water can be sent to the town through
the reservoir or around it, or from both reservoir and conduit. The drainage area of these streams has never been
acceurately ascertained by survey. The annual rainfall upon their water-sheds has been averaged from observations
of ten years’ duration at 36§ inches, of which perhaps 65 per cent. is collected in the drainage-basins, owing to the
abruptness of their slopes.

The dam on Tanyard brook is constructed of cement masonry, and is but 15 feet long by 8 feet thick at base
and 4 feet at top. It contains no gate-houge, the outlet-pipe having a plug fitted into it on the upstream side of’
the dam.”6 O’l‘be supply from East creek was introduced in 1876, and the collecting gallery built as shown, The

o
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North Brook water-shed has been estimated at 900 acres, yielding an average daily supply of 1,400,000 gallons.
The actual comsumption, as estimated, is 1,250,000 gallons per day, supplied to about 900 takers.

The distributing reservoir is an earthwork trapezoidal in plan, 65 by 67§ by 35 by 58 feet, and 15 feet deep.
A central puddle-wall, running through the embankments, is 4 feet thick, The slope of the faces inside and oud
is 1§ to 1, the former being faced with riprap 6 inches thick. The capacity is calculated at 1,250,000 gallons. The
maximum head from this to the lowest part of the eity is 156 feet, The distribution is carried out through cast-
iron pipes, 3, 4, 5, 6, 8, and 12 inches in diameter, with & few as small as 2 inches in diameter, Total length,
22228 miles.
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The records of the cost having been burned in a recent fire, it is only approximated at $28,500, with an annual
expensoe for maintenanco and repairs of $2,000 (in 1879).  Tfifty Matthows’ patent fire-bydrants are used.,

Rutland presents one of the most economieal systems in the eountry for a eiby of its size, so far as the orviginal
cost is considered. The water, which is roiled during freshets, is of good quality at othor seasons, as the following
analysis by Professor Nichols will show. The sample was talken from an ordinary tap on the serviee-maing in town.
TResults are expressed in graing to a United States gallon:

ATNINONIL .t v ine cens ciacct snm e smmcmr saet cacent crnmmr aacnmbanamcn sannantman vancrsrannes paasnsunsrrerovans (4 Q0RO
“# Albumineid ammonin? ...... Ne et e e wane en e bmn s ah mew e R e e s A enean ann ke nen vt e ey e ean 0. 0048
Tnorganio MABLer. cuee. vaere e o et cr e ner cmmee et ey riian mes sl oamemasemraeaaas anme e cenee 20
Solid residue—organic and volabile. . cous veover i ittt i ee it cincrvaint tnenas i e snne rannannnne (W3
Tota) b 2190 Talrenlieit o vu e aee e mrt censecemaans cumnre shanre smamss saname srsnnt nnnnsans smanes sosana o
OllOTING e cvs wnee vmmn mcvn oo resonnnsmsrancaarcnnnnnnncauman P Cemm e asumes ccum e en i ann Pnmmere s 0,06
TATANIOBY « saummn e memse saaotnmcas aica trmmns unnn ccnsnn e meen A U P 1.20

The works are at present under the superintendence of Mr, J, M. Davis.
The accompanying cut shows the construction of a gallery built about 80 feet distant from the banks of ast
creek, and collecting the water thence by infiltration through the sandy and gravelly soil intervening.
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2.—DIRECT PUMPING.

INDIANAPOLIS, INDIANA,

Tndianapolis, with 75,056 inhabitants, is situated on a perfectly level plain on the West fork of White river, in
the center of the state of Indiana. Its interests are both commercial and manufacturing, The site of thoe city is
composed largely of gravel and sand, and the streets are exceedingly regular in plan. In 1871 tho water from
‘White river was introduced by a private corporation.

Two wells wers sunk on the banks of the stream 80 feet apart, and the bottom levels were joined together by
a brick tunnel 5 feet in diameter laid with open seams without cement. These wells ave 20 feet in diameter at the
mouth, and one of these has a smaller one (12 inches diameter) sunk within it to a depth of ¢ feet below. Tho
wells are also built with dry brick, The first one built had an iron shell sunk 7 feet below the brick-work and on
the inside, but not being strong enough was lined with brick, The water is derived in all probability by infiltration
from theriver. In 1879 a crib-work of timber filled with stone, 50 by 25 feet by 4 feet high, was sunk in thoviver, and
the water was taken from it through a small square box in one end, whence it was led into the pumps, the wells
baving furnished an insufficient supply. Considerable trouble has been experienced from the clogging of the inlot-
pipe, and also from the impurity of the water in the river. The works are located considerably within the upper line
of the city limits. The system is direct pumping with Holly machinery. The old panmps, erected in 1871, consist
of & gang of six single-acting piston-pumps 16 inches in diameter with 16-inch stroke, operated above by gearing
from a seb of turbines or a 2-cylindered Holly steam-engine, at pleasure.

In addition to these there is a set of three No. 14 Holly rotary-pumps ron at 50 to 150 revolutions per minute,
with an interior diameter 193 by 124 inches deep, with 10-inch inlets and outlets. Three turbines avein use, deriving
their power from the central canal seen in the cut; the eanal is owned by the works. These turbines are Dayton or
American wheels 42 inches in diameter, and operated under a head of 16 feet at 60 or 80 revolutions per minute,
according to whether the rotary or gang pumps are used, The steam-engine, {for use when the water operating tho
turbines is for any reason unavailable, has two inclined steam-cylinders 16 inehes in diameter with 27-inch stroke,
operating a fly-wheel supported above them. Itisrunwhen in use ata speed of from 75 to 160 revolutions 1§er minute.

The gang and rotary pumps are soon to be discarded as nearly worn out, In the former there iy a single:

discharge-pipe to each pump, which containg tiwo hinge-valves 32 by 114 inches,
The large Holly pumping-engine, built in 1875, is of the inventor’s latest pattern. There are four inclined

pumps, the rods of which are connected with the piston-rods of the steam-cylinders above them by a key readily

dgtachaple. The pumps are 15 inches in diameter with 83-inch stroke 5 Tour steam-c¢ylinders 25 inches in diameter,
with 33-inch stroke,

operated non-condensing or compound condensing. The engineis operated for about one-third of
t}le year. There' aretwelve suction and twelve discharge valves in each pump-cylinder, G inebes in diameter by +#-inch
h_ft~ Th? capacity of the pumping-engine is claimed to be 12,000,000 gallons per day, and a test trial is sai(i to havo
given with best Pittsburgh coal a duty of 86,500,000 foot-pounds. The capacity of the gang pumps is about
8,000,000 gallons per 24 hours, and of the rotary about 2,000,000. They are usually in operation continuously,
while thfa large Holly engine is idle about two-thirds of the year. The condenser of the latter is of the jet patter.n,
4 feet 5 11101.168 in diameter by 29 inches deep, with two air-pumps each 22 inches in diameter with 22-inch strolke.
Steam is supplied to the pumping-engines by three batteries of two boilers each. Ome battery consists of two
ﬁolly upright boilers each 7 feet in diameter by 10 feet hi gh, multitubular, with 2-inch tubes, and an evaporation of
% pounds of water per pound of coal from Indiana. The pressure in them averages 60 pounds.
o ggeasnsé}:]er Egt.terg of'two_ boilers the boilers are horizontal ?f-ﬂue, 42 inches in diameter by 24 feet length of shell,
tiameter. O fe 0; 111112 ;s(:;llgllflﬁztfﬁe il‘he :(L)ih_er battery 9011’(21-1:)13 two five-flne boilers 24 feet long and 60 inches in
. ) . - - T iy
of water per poond of e 8, two 14 inches, and two 12 inches in diameter. The evaporation is9.8 pounds

The cost of the gang and rotary j : ; - . o
. ary pumps, with connecting parts and two upright hoilers, was $70.000, while the
cost of th(g,S)zleYBengme withous boilers was é45,000. e ’ PO, Wil th
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The water on leaving the pumps is forced directly into the distributin i i i
. , mains, the 24 . :
being tapped but & fow hundred feet from the engine-house ¢ ) the 24-Inch main from the engine

The distribution system comprises (1880) about 45 miles of cast-iron mains 24, 20 18 16, 12, 10, 8, 6, and 4
inclhes, respectively, in diameter.  The average domestic pressure in them varies fron’l 45’to %O ’ou ’1 ’ I’ v
fire it can be increased rapidly to about 120 pounds. pounds. n easo of
The number of water-takers being about 1,400, the consumption averages 4,000,000 gallons per day
Phere are 600 Iolly hydrants on the distribution system, on which the city ’has,to pay 850 ela»ch ;gr rear
Meters have been in use in considerable numbers, but for some reason the character-of the watelr wgs su'ch as
to eorrode them very rapidly and soon render them useless. As a consequence most of them were abandoned
The first cost of the works was about 400,000, which has been increased by extensions, ete,, to about 1 000'000
"Phe annual cost of repairs and maintenance has averaged $25,000, but for 1880 is giveil at ,$65 000 exciush’fe of
interest. The doubtful quality of water supplied has given rise to much complaint, but no corre(,:t ar’mlysis seems
yet to have been ma de. '

The works have recently changed hands, and a new company has organized, with Sidney

M. Dyer as president
and superintendent, ye p

COLUMBUS, OHIO.

Columbus containg & population of 51,647 inbhabitants, and is situated on the Scioto river 90 miles above its
mouth. Itsstreets are laid out with perfect regularity. The site of the city is exceedingly level, resting on a
Tormation chiefly of sand and gravel underlaid with blue clay. Its industries are manufacturing to a small extent,
and commeree in grain, wool, and live stock. - It may be called prinecipally a residence city.

The water-supply was introduced in 1871, under municipal auspices, and is derived by pumping from an
infiltration gallery on the north bank of the Scioto river, and is transmitted to the city by direet pumping with a
set of Wolly pumps, :

The pumping station is Joeated on the northerly bank of a stream known as the Olentangy river, near its
confluence with the Scioto, and about 1} mile from the city rall. From this point a subterranean gallery extends
for 1% mile duo west, crossing undoer the bed of the Olentangy and terminating, as shown on the map, in an inlet-
pier on the Scioto river bank. The total length of the gallery, as shown by the profile, is 5,715 feet, Itis
constructed of open-laid brick below the springing line of the erown, and of brick laid cloge in cement above said )
line. '

The interior dimensiony are 42 inches high by 34 inches wide, the section being oval. The top is protected by
palisading, as shown, The whole gallery was excavated, as it was found impracticable to tunnel. The depth
Pelow thesurface, the dimensions, ete., a8 well as the characterof thoe material throngh which the gallery was driven,are
shownin the drawing. During the construction of this gallery two pumps were used to remove the water percolating
through the soil into the bottom of the trench, and the last day’s pumping showed by gauging nearly 2,000,000
gallons supply.  One end of this gallery terminates in the water of the river, and a tower rising above the level
is furnished with @ gate to adwit water from the river if necessary; this gate can be operated by electricity from
the pump-house, When the works were originally built, it was designed that the water should be derived from the
Olentangy river after filtration throngh the basin represented at A, This basin contained 8,742 feet of filtering
surface. The filtering basin A, built on a higher lovel than B, has its bottom 30 inches below low-water mark in the
river. Seven feet below the surface, and on the side next to the river, the basin has a collecting tunnel 18 by 21
jnches, which empties into B; from this 14 small porous pipes, all 4% feeb below the surface, radiate ber{eaath the
filtering material, This depth of 43 feet, constituting the filtering material, consists of stones from 2 to 4 n%ches in
diameter at the bottom, decreasing in size to the top, which is composed of a 7-inch layer of fine jsand. This basin
A is connected with the river directly by & 19-inch valve, The object was to supply any dgﬁclency. The water
from A enters the lower basin, B, which is oxcavated 13 feet below low-water mark. The sides slope 1 to1, andl
have o riprap wall of a perpendicalax height of 16 feet, above which they slope at an angle of 330, Area of

‘ottom, 14,294 square feet, Capacity at low-water level in the river, 1,500,000 gallons. Thedaily filtering capacity

of the basin A is 500,000 gallons. On its failure to supply gufficient water, the filtering gallerg" already descrlbe'd
was extended from the inlet-tower on the Olentangy river, underneath the same, to the opposite bank, whence it
h as been continued each year until it has reached its present length. . .

From the pumnp-well in the engine-house water is pumped into the distrxbujmng mains by two new-pattern Holly
engines constructed in 1870, which are run alternately. Like others of their class, they are operated emhelrtﬁs
compound condensing or ag high-pressure engines. Asa nsual thing, one cylinder is ron at h‘lgl} prlezrssu:c.s and g
other three condensing. The ¢ylinders are 91 inches in diameter, with a stroke 9f 30 mehffs. Engm‘e 0.21s g_eare
to run at 33 times the number of revolutions of the pump, while engine No. 1, just mentioned, has its pump-pistons
connected directly with the piston-rod of tho steam-cylinder. In both engines there are 4 plungers 1t10 eacl; IIJ)“sz;,
Thie pumps of one set have 27 inches gtroke and are 13% inches in diameter, and the_ pumps of flh@ other se wah
diameter of 12 inches and a stroke of 30 inches. They average from 12 to 30 revolutions per mmqte, a.nrd one or the
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other is run constantly day and night. The geared engine has three valves in the suction- and three in the discharge-
pipe, of the flap-valve type, each 33 inches by 10 inches, with a lift of § of an inch, The other engine has one valve
in the suction- and one in the diseharge-pipe, each 204 inches long by 4 inches in diameter, rising & of an inch
after the manner of a ball-valve, Steam is furnished by two batteries, one containing a pair of multitubular boilers
made by ihe Holly company. One boiler contains fifty-four and the other fifty-six 3%-inch tubes; the boilers are
60 inches in diameter by 16 to 18 feet length of shell. The other battery contains four double-flue boilers, cach 48
inches in diameter and 26 feet long, two of which have 16-inch and two 18-inch flues, and all the boilers are run at a
pressure of 70 pounds. The coal used is an inferior grade of bitwminous slack, and the evaporative power obtained
from both batteries averages 7 pounds of water per pound of coal.

The engines were guaranteed to pump 5,000,000 gallons per day against 60 pounds of water-pressure, and
4,000,000 against 120 pounds pressure, these bemg, respeetlvely, the domestic and the fire pressure. Connected
Wlth each engine is a jet-condenser 3 feet long by 53 inches in diameter, and two air-pumps 16 inches in diameter
and 30 inches stroke. TFor the condensers, cold water is derived by gravity from the river. The cost of the engines
from 1871 to 1876, including repairs, was $46,000, The performance of the two engines for the last nine years is
given below:

Consnmption of slack coal—ashes and cinders deductod .. vvvevnvnneincinann teummovuru ey as pounds.. 29, 948, 996
Duty—pounds raised I fool high with 100 pounds of coal «.vuavmnerienmncnriiiienenn e aecadlona.. %0, 644,546
Waler PUMPEA. coueme e vea e et eaemeaae et ne e smaaaa B gallons.. 4,408, (99,414
Avoernge height to which water was xaised «.nemeanne i i i ven ceeaee o Te0hL L 168,27
Cost of each 1,000 gallong PUMPOL cavure e cinmnnenere cmaman nas fmamasemmane e naneaaaans cents. .. 4.079
Reoeipts for each 1,000 gollons prumped.cvovreecavs caenns Armueananna Mmeeasmees e e do.... G, 608
Not gain on ench 1,000 gallons pumped .oceeveimervrnnacnsnernann b eemama umsussmmmes enaanaes ao.... 2. b7
Total expenses of opoerating the works.cv.eveesvrevcnvanas T Nt tmeman sy anan $179,720 66
Tobal vovenus of 1o WOTKS vuvmee cecansnaun conuveovenen snmmnsannonn reneen redemtae e breausatuane $201, 047 95
Nobi eornings. covavencencenevacman cune oo enanun s Phsaun emnme wrhsteameune PR $111,318 39

The original cost of the engines was $40,000,
The cost of the works originally amounted to $700,358 50, divided as shown in the accompanying statement:

Receipts and disbursements for the ten years ending, and including balance on hand, March 31, 1880,

RECEIPTS.
Recoived from the city on account of construetion cue ceeer e cecuvcsarmeveenorsonane e man e a——— §503, 810 32
Received from construction of fire-protoction lines, 6ko < veueen u.. W eakmasdese et anaee . $06, 840 65
Received from construction of domestio-supply 1ines oc.veirer coieieennn cvnn emnnn cmeenns 22,300 17
Tobnl comBlmEtIoN . wuun et et e e e cimen e e e ceenne s 20,149 82
Reocsived from sale of office materials.......... RPN 12 00
Rocoived from WALEI-TONB < avevaane cacune narevnrmesaeens Pmemme e v emamsanmae howmas 250,942 29
Received from metors and ropairs Of BAMG «.vvee ccre vnncarnreansnncnsaacnne canvne ansnanns 10,943 84
Total receipts from the operations of the works. .uvu.. e kmun kmammn kR haas Emm e wmay s aanen 201, 047 95
884, 867 27
R, T
DISBURSEMENTS.
For construction of engines, pumps, boilers, buildings, and Loundations .- «vevecs cnvevannn. $167,932 10
For constraction of fire-protection lines ...... Py nameeetamen e ra s 382, 660 81
Tor construction of domeatic-supply Lines. ..ovenciin i ciir coimn ccs cave vt vrmmereevaaan 38,024 G2
For construction of filtering galleries, hasing, grounds, and 16Ve0.cus caneee cnanvannanonnnn . 83,460 02
For construetion salaries, stationery, and miscellaneous eXpPenses...c..... Wevsesirruneasaan 28,280 95
Tobal CONSITNCTION « tacmet cimcnn secmarnneaceamecansncnreanenas Chewes iasamenaeranaanan e tan «ee 700,358 50
For coat of pumping . coiummeaer coi i s b e cme s e - Naeenmmesannvanenanan 09,982 7
For care of basing, grounds, gas, and exXtraordinary TOPAIS «voveee coaems ceeneecmesernsonen 10,413 08
Total cost of pumping sorvies ... .. cemanennsnmamns amcunnametnennsnacnsmnvnonnncans 110,308 BO
For total cost of hydrant service, including wages, Tepairs, 850 .ceeee vaeccevnanen coceae uns 26,765 94
For total office expenses, including salaries, ebo..ce... .... B A s 20,871 47
Actnal running expenses and repairs »veeeeveenn oae. beearanse saen nenssanne Cemenuaan 167,033 206
B0 L R S 1 7561 25
For moters and repairs 0 BAMO. cacevercv. cevans sanase aarann mncaneonssoeennnmsomnssinnanee 11,045 05
Total operating expenses and Tepairs. ... o.... .. e Amanaseseet amuanman remmecmne ey renaas 179,729 656
Balance on 1iand March 31, IBBD tauen. e cn ve ceecmt e emsraae e ececnn ena aeeas mnneeann aemen o emtn mee 4,779 21
884, 867 27

" The total net earnmgs of the works up to March 31, 1880, is $111, 318 total operating expenses to same date
$179,729; total receipts from operating works to same dmte, $291 047.

Tor the year ending March 31, 1880, the cost of maintenance and repairs amounted to $20,669.
564
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Tor the (‘hblllbuthIl there are 42 miles of cast-iron pipe, 20, 12
being the main from the pump-house, On this system there ar

patant,

DIRECT PUMPING.

T at‘or m‘ supplied to 2,283 water-takers.
An itemized statement of disbursements for a year is annexed, as it may be of value to show the cost of the

Holly system in larger cities;

49

, 10, 8, 6, and 4 inches in diameter, the largest
e 340 Holly patent hydrants, with a fow of the Ludlow

Totals

For what purpose, April, | May, | Juns, | T A; Sep- QOc- No- De | Tan- | Teb- for the

. Ht e YR | 3oy § Jame | Qi |Annst ) somber, | tobor, |vember | cammber, | wary, | ruary, | Mol || year
. 1879."| 1870, | 180, '| 1s70. | 1880, | 1sed | 1680 fi cnding
Maveh 31,

1880.

CONRTRUCTION,
Famping service, N

Eugines, pumips, and bollera ..., Leeof B178 28 | $0G 84 F295 | B 05 Lovenvnnnfeocrmeaa]eanennns 1 PN PP P47 56 foenenn §12 75 $417 63

Buildizges aud foundnBong coocn voneeninnJomnnnean o doco e e $13 08 |..ono.. . 3 50 1658 -
Totaly ouee Ceamvmesasncsnunessoennes| 178 28 GG 84 225 wllt( {1157 PPAPUUR PSRRI IR N 13 08 47 56 |-cneennn 16 25 434 21
ydrant service, fira protestion, =

]‘l]lg and apecial eastinga, oo [ 083 07 11,445 85 |1, 005 65 | 830 04 [$2,77815 | $28 67 |......... $21 63 21 69 34 05 [ B116 88 [....ennes 6,125 18

Tewd, hemp, sud plpedaying....... vareww.| BOD 8D [ 7206 75 (1,000 70 | 62830 ) 83483| 12362 [........fiieiiians 140 9347 2025 | 7485 880065

Five hydrants pid valves oonnoiiiann,, 510 b00 03 30 24 | 470 99 1223 280 fiaeeenen, 80 03 |caeevvneifonmmnnans 78 00 70 20 || 1,704 22
Totalt vonasnnn 1.f 184 06 {2,072 78 12,100 08 (1,336 08 | B,12021 | 180 09 |......... 5226 2300 127 62| 71023 | 144 85 || 11,630 05

Domestic supply, : pu A ’ ;
IHatritsating and nervios Hine .o mlmls QB 83140 | 83 67| 921 60| 07550| 101 00 |$313 83| 226 01| 5860 | 17417 7283 | 10203 || 2,579 88
Ineidental, ‘

Filteringg gallorles und 1¥e0 coveeeina. 118 85 180 | b44 00 | 2,476 86 4,465 42 (8,241 04 (3,253 08 /3,987 80 | 223 04 | 323 44 383 || 17,024 15

MIneo T HHBHUR OXPODIIA . e eisrarnaen U T T P 250 00 3 00 2880 |-eceeenns]|innmeenaifanancarnslannnninn. 15 60 42 50 770 347 80
T « vevnsavnssnnnnnnnsnsesnunenna]saneesend 113 85| 251 80 | 537 00 | 2,605 GG 14, 405 42 3,241 04 (3,253 98 |3,287 80 | 237 64| 805 04 11 83 || 18,271 75
Portad enRIRelON . eea e in i rreans 1,475 42 {3, 184 88 [2, 444 40 (2,812 18 | 6,301 37 [¢, 717 11 (8, 654 87 18,532 25 |3, 382 56 | 586 80 |1, 140 00 | 274 06 || 82,915 89

OPERATISG RXPENBES AND REPAIRS, ) T —
Faunping service,
Wiz 0 PIITIY Do ee e sormen sanneasueene] 035 33 60D 83| 01733 | 01083 G08 58| 617 83| 908 00| 32067 61733 61033 7,41171
K ‘ o

CR) vomnnrrenns ceeevened 7B3 19| 805 | 12051 5200 66388 | 47804 | 760| 584 00| 80D 24| 815130

G ] WARLA . vrvans 8585 | 886 | 05213| BLBT |ceni....f 8148 [l 4283 | 886L| 5415| BOL|..on 205 89

ORIREY TERAITR v 2anee 402l 2048 go| 8590 2065 42| 60| e8or|. 25| e8| 258
€0 UF OB +eseceversereneers| 71400 11,502 01| 078.0% | BOBEL| 01703 | 08516 | 602 20 |L,227 20 11,482 B4 | 41690 1, 181 09 | 928 65 || 11,074 760

Tneldental: T

o g 3 i
Filterlug uslin, gronnda, oud G0 go0 | 08 60| w0514 | U4 E0 | 2476| M4B0 | 1060 coo| 7293| s5%0| 24|l 048
C4IB e erras tusamabnnasssnenansannansas 28 64 12 20 15 74 14 82 |..... veue| 1018 lieneenan 84 71 18 81 2077 18 63 [eeneronns 10199
Aol IAUAOUH BXPOUREE. (onrsrvransres] 1 80 188 fevneranas 14849 {.oenernn 243| 470| 1250| 1520 12488| 1236 ..o 48 b1
Totaln . i gl| voon| shooe| 2287{ 1476 3808 470( 6TVL( d001| 22667( @625 224l IBI6I8
Potul eonl of pmuplngsorvlcc...-u 784 84 11,444 58 { 800 8L 1,081 18 032 00 [1,021 28 | 606 80 [1,285 00 {1,472 56 | 043 46 11,247 34 1,180 09 |f 12,889 04
Hiplr ant service.

Whggen of N“pif:\, ot | so6ol o560 | G550 | OGBG| E5GO| DBG GO | 6560 3883 | o9540| 4167| 8333 ( 83 3B 731 57

Pesads Atk PRI o vreer ems R oa7s| 2300 7omr| e8| 2440| e725| 74| 0526| 1l610) 5615) G220 | 4828 ) 7668
T gilrant wervieo Tepalts ... Tos 20| 83 06| 120083 | 15784 | 7090| 120381 | 13240 | 30408 | 2u1 05| 9782 | 145 63| 18150 1,407 82

Tuvilental: WNTH« ;

T EAOTAINALY FOJIT A cavreneeeasreens| 8013 | 20047 13 98| Go0| 0107| G477| 888T| 2600 4B ... woz| 687 b2 72
Mincellaneons (Y HEUAEH v vseveeenssans] DO 85 ) 4800 10840 | 10040 | 7835| 0615| o302| B0 GT2| B8] 00| T % o10 42
Patula weess] 186 48 74 64| 12078 | 114 40 18042 [ 160 92 | 182 20| 111 00| 10569 8666 17302 12575 ( 1,481 14
Pratal cont of hydrant aorvico. . ....| 20077 168 10| 24711 | 252 24| 21088| 283 73| 814 6O} 215 081 81734| 134 67| 81855 25781 2,970 06
Ofice expensea. | o
Sdarlen of um(;i'm...{...............-«.-- P41 07} D16 67 [ 108 67! 166 67 116 67| 106 67 | 268 67| 166 67 300 00 £384) 151 677 201 67 ) 2 5i: D:
¢ : 00 foanenecerdeevmarsns]emmrmemmefsnmnemenefannsoann 142 7

Books and AEHODETY 1 ovrvnciiannernrrnessoaseaen 405 louirnanns 20 00 0200 GTLL 6000},

MO RG0S OXPONAON vaeaneosneeeeneeee| 2000 2535|1000 085 | doaso| 012 1s00| 1000| 2000 10100) 2268} 3312 08 12
Totaln fneweess| 80607 846 07| 18207 286 02 67317 212 50| 3832 67 182 67] 820 00| 27481 | 17485 | B TOL 3,070 0%
Acetual running expengos aud repairs, 1,412 28 [1,048 83 11,620 50 {1,010 44 | 1,524 64 11,517 46 (1,844 26 |1, 682 75 |2, 100 89 |1, 052 47 |1,740 24 [1,768 09 | 15, 044 92

Inetdentals h ) q .

LT WALOTTONB . 4 ecnecunensnssassfonnanaees 100 |uceaenne 25 40 QT D0 enaremnnsfommrmnmrefenoronn 3 '6-03 12 g?) :; ’;g 7‘1 26: . ?1-2 iz
Motors aud ropairs of BRMO.cauesvaeer 741 88| 8070 | BLET} 03487 qe91| 0013 11182) b40 5 i )

Potal ﬂpnmtlngoxponnesnnd TopAITs . orav- 9,154 10 |2, 030 61 1,411 16 11,788 41 1,831 76 )1, 007 58 |1,455 57 {1,736 78 2,174 97 {1,069 77 [1, 805 26 {1,844 03 || 20,669 06
. 19 5 4 05

Total Unbursomonts for tho FOar...sesess 8, 620 58 |5, 294 49 13, 856 b6 |4, 050 50 7,034 12 Iﬁ, 324 70 15,010 44 15,260 03 5, 557 68 |1, 050 06 |2, 954 26 (2,118 09 || 53,584 05
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The copsumption averages from 2,200,000 to 2,600,000 gallons per day, which is derived entirely from the
gallery. The cost of said gallery was 14,000, The intention is to continue its extension in proportion to the
increase in water consumption until its limit is reached. This gallery system appears to be eminently applicable to
cities located on the western plains, where the water may not be contaminated by surface drainage and impurities.

The following analyses are by H. L. Edgerton, of Fort Wayne, Indiana:

Samples taken from— Troo ammunin, “;\}lllll)ll\l(;]]\liii},.q}ﬂ
Scioto vivor, muddy .. e ciianiiinieinonns 0. 04 0.38
Soloto rivor, sottled 24 howrg.oceaeeoeaee. 0. 04 0.27
Olentangy viver, MUddY «ceeeervnnanienns 0,43 0,30
Wator-works water, daily supply.-...... 0,13 0,10
Drivenwell noar deep basin B.oeoonann. 0. 04 ©0.05
Drivon well, contor of ety .ocoinnnnna.. @ 3.00 0.10

a Probnably contaminated with urine.

The works are under the supervision of Ifrank Dolierty, superintendent,
An analysis recently made by Curtis C. Iloward, of Columbus, of a sample taken from a city hydrant, gives
the following results:

Grains por gallon,

Carhonato 0f TmB . u. cuemmn o et it i ieten cetmn taet r et e se s n s b e cie ane 14, 09
Sulphabo 0 LIme - conn e e it e e e e meee neen e e mmens r e s s naan mena s s nn e 0.61
Sulphate of MAENESIL - vveanne anon nenn M e e me AN eas A e nne mere e eea enne s an e o e 0,24
Chlorido Of BOUINNL. « o uunn e et n e i et e eimti c et mue s e macama o rman s an e ce s ebas aee nmen 0. 41
e Ko mems csma meem e are aman manes eaann . Trace,
Organio MALEOr ves cneseenwums crescsne st tbet i trne cima s e s et anemmneecanm aseamaeans mmrannennences  LPACO,

Total.uesunea rmeean e tasaanrsuensannan . 24,35

BURLINGTON, IOWA.

Burlington, containing a population of 19,450, is situated on the west bank of the Mississippi river, and is
of considerable commercial importance as a railvoad center, 1t is situated partly on a blnfl and partly on ground
sharply rising from the river, making the topography very irregular. The streets are laid out rectangularly.

- Water was introduced by a private corporation in 1878, and is derived by direct pumping from the Mississippi
river. The financial plan followed out in the management of these water-works iy worthy of motice. The e¢ity
guarantees 6 per cent. interest on $200,000 worth of bonds, and levies a tax of 5 mills on all property within 1,000
fect of the mains. It also reserves the privilege of buying the works at the end of 25 years.

The system in use is known ag a pure type of the elly. At a point in the river 250 feet from the shore o crib
is sunk, the construction of which is illustrated in the cut on page 51. Tig. 1 shows the end elevation of this crib.
It is constructed of a frame of timber held in place by stones. As originally constructed, the inlet-pipe shown at
A, Fig. 2, extended only to the side of the sluice-way B, B, but on one occasion the sluice-way became partially
obstructed with sand, which the force of the current was unable to remove; it was therefore found necessary to
extend it across the sluice-way to C.

'The illustrations on page 52 show the filtering gallery. The inlet-pipe is 24 inches in diameter, and extends to
the screen-chamber at I, o distance of 375 feet,  This chamber is at the eastern end of the gallery, the western end
of which is the wall of the pump-house. The gallery is 120 feet long by 20 feet wide Ly 18 feet deep. It is an arched
chamber of masonry, the summit or crown of which is 14 feet below the surface of the ground at the pump-house.
The foundations were laid in a blue-clay rock, which softens on exposure to the air. On this areversed arch of stone,
12 inches thick, was Dbuilt, and on this, as a flooring, stone blocks 24 inches cube and 8§ feet apart were laid as
shown at I, B, Timbers 12 by 16 inches were l1aid longitudinally of the gallery, as shown at I, ', These sorve
as a foundation for a flooring, shown at G, constructed of boards 4 inehes wide by 2 inches thick and laid 1 inch
apart. The filtering material is laid upon this, and consists of a layer of 6 inches of coarse gravel; on this is 6
inches of fine gravel; the next layer is 12 inches of coarse sand; and the top and last layer is 2 feet of fine sand.
The surface of the latter is 2 feet below low-water level. The depth of water above the filtering materials varies,
therefore, from 2 feet to 21 feet, according to the stage of the river, The sides of the gallery are built of limestone
30 inches thick, surmounted by an arch of 4 feet rise and 24 inches thick.

Irom the western end of the gallery, at H, the pump-well, a 24-inch pipe runs under the flooring of the gallery

and couneets the sereen-chamber with the well direct, enabling the water to be taken direct from the river without
BG6
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passing through the filtering material. This can Le closed by a gate at I. A short pipe at J serves to admit the
filtered water into the pump-well, and is also controlled by a gate. Iivery three months a layer of from 4 to 6
inches of slime is cleaned from the surface of the sand. .

Trom the pump-well the water is drawn info the suetion-pipe of the pumping-engine and foreed into the mains.
This engine, built by the Ilolly company in 1878, is known as the new-patent Holly, having four piston-plungers,
each 10 inches diameter, with 27 inches stroke (see illustration on page 53). The engine may be run as non-
condensing, coudenbmg, or compound, the latter condition being when exhaust-steam from one or more of the
eylinders is admitted to the remaining cylinders, The diameter of the steam-cylinders is 19 inches, the stroke
being 27 inches, with 7 inches clearance ab the ends of the pump-eylinders. Steam is distributed by a slide-v: lee,
as shown in the cut, the eunt-off being a puppet-valve operated by a solid revolving cam. The condenser is 5 Teet
high and 4§ by 2 feet, of the surface pattern. The water enters through a 6-inch inlet at the top, falling upon a set
of inclined shelves, aud flowing out through a pipe abt the bottom. The steam enters at one side just below the
widdle. There are two air-pumps 18 inches diameter by 24 inches stroke, The capacity of the engine is 3,000,000
gallons per 24 hours,  The trial showed a duty of 71,514,000 foot-pounds, 60,000,000 being guaranteed, The average
speed is from 12 to 15 revolutions per minute. During 1880 this engine was stopped for repairs only 1} minute.
There are 16 leather-faced brass disk valves—8 suction and 8 discharge—in each pump-cylinder, with a dmmeter
of 6 inches and a lift of § inch. Although capable of a high duty, the daily average of this engine is only about
36,260,000 foot-pounds,

The ordinary domestic pressure is 85 'pounds at night and 90 pounds during the day. On the outbreak of 4
fire the pressure is inereased to 120 pounds, and can be raised to 1756 pounds per square inch. Oceasion arising,
this operation occupied less than two minutes from the striking of the alarm.

Steam is derived from a battery of three multitubular boilers made by the Holly company, and 16 feet long
by 5 feet in diameter, containing fifty-eight 4-inch tubes in each, Trom the bridge of one boiler to the space at
the back of the next, between the brick setting and the ends of the flues, & 24-inch iron pipe passes. The pressure
averages 60 pounds, and using a coal-slack from Illinois, an evaporation of 53 pounds per pound of coalis produced.
On a duty trial this can be increased to 9 pounds per pound of coal.
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DIRECT PUMPING. 53

The work at present performed by this engine consists in pumping daily about 590,000 gallons for the use of 811
water-takers. A system of mains of cast iron 13433 mile long serves to distribute it, In addition there is 14348
mile of wrought-iron pipe, varging from § to 1 inch diameter, used ag service-mains, The mains are of 24,16, 12,
10, §, 6, and ¢ inches diameter, and Holly’s patent hydrants to ithe number of 202 are attached to them,

The cost of these works was to have amounted to 200,000 by the contract, but they were finished completely
for $185,000. Tho annual cost of maintenance and repairs, including salaries, ete,, is, for 1880, 6,000,
About 100 Crown meters ave in use, giving satisfaction. ’

No analysis of the river water has ever been made as taken from this point, The works are managed by Mr..
, Irn A ITolly, superintendent. 569




WATER-SUPPLY OF CITIES—BURLINGTON, IOWA.

Burlington water-works—IERecord of engines and pumps,

i Date.
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Sunday «oveeeecanass 24 2 60} 27% 90 ] 180,330 16, 735 33,470 2 3,443 | Slack and nut. ... 602,460 | 33,512,384 | vevranennnn
AMonday «ovvvcneens. 24 2 60| 27% 90 | 198 600 18,170 40,275 k3 4,737 [+~ r Q0 - swmnnnanans 832,850 { 33,824, 416 {veeernvnnnas
TCBALY cuarnescnnas 24 2 60| 27§ 00 | 217,542 10, 042 46, 080 4 4,077 1o easD s onmenvimnans 829,440 | 34,713,070 |.oenieinnnn,
Wednesdny.coaaan .. 24 2 60} 2% 00 | 236, 300 18,768 40, 669 4 4,715 |....do .. 840, 042 | 34,971,675 | conaninnan
Thorsday. ceewesean. 4 2 G0 27% 080 { 235, 000 18, 700 45,540 $ 4,404 |.,-.do .. 819, 828 | 35,965, 200 {veeeaninee
Friday.cceenareeaans p2s 2 60| 27 901 275,276 20, 185 60, 046 3 4,86 ]...do.. 017, 028 [ 86,711, 622 |.evnasvrenn
Saturday coeanan.. o 2 60 1 8% a0 | 805,121 10, 845 40, 000 % 4,008 |....do . 800, D2 | 35, 000,421 loeeiavinnaen
Sunday ..o.ans s M 2 G0 | 27 00 | 513,523 18, 402 30, 804 2 3,645 .. do ... 602, 472 | 306,258,410 |aceveernnann
Monday ceevervrenns 24 2 60| 273 00 | 332,572 16, 049 48, 068 & 4,802 |... do .... 865, 154 | 84,527, 007 Jeennnnsnes
Tuesday coeenervanss o8 2 00 | 273 00 | 851,405 18, 883 47,070 S 4,852 |....00 ..o /808,108 1 38,202,010 | v vennnn
Weodnesday..... - 24 2 60 T3 90 | 370,840 19, 435 40,883 ki 5,423 |....do .. 807,804 | 32,197,480 |.oeiiuiannns
Thursdny.onsnssrn-] 24 g 00| 275 | 90 200,250 | 19,410 48,215 % 4,088 [veendo weieniiinnnnn 807,870 | 85,900,173 [.evvienans
Friday eeeeenenecaes 24 8 80| 973 20 ) 410,225 10,076 51,404 3 [ 2 5 N DR 1) SR, 025,872 1 86,104,800 {.vrevruenana
Baturday . .oovurnens 24 3 00 | 274 60 | 429,800 19, 675 50, 608 k) 4,736 1.0 Q0 cvuevnn vevans 010, 902 | 87,101,700 |1 eevnnuan —an
Sunday . cveeuneenn-- a4 3 60| 27 GO | 445,851 18, 051 88, 098 § 8,814 {voaullo ennaen ceamns 701,004 | B3, 668, 823 |vueeeninnans
Mondag ..evnnennnn. o4| 8] ool 97 90 | 466,050 | 90,100 52, 848 3 4,080 | ee 0 rieennranens 051, 264 | 96,904, 458 |aenurneanens
TROSARY +vevnsnnns 24 8 G0 97 | 90 485,745{ 10,605 61,404 I 4,718 [oeenll0 cveinaa e 025,272 | 87,920,678 {1 evnunrnns
Wedneslday.ceeevea. 2% 8 60| 27 90 | 606,107 20, 862 52, 888 4 4,880 |..ev.Q0 corrneennnnns 031, 084 | 87,080,202 J.ceuvsrinn.n
Tharsday. covevnean. 24 ] 60 | 274 00 | 528,105 20, 088 53, 631 3 4,084 1.0 do oiniiinnnay 063, 658 | 87,851,405 | eeunnnis .
Friday cveeeeeveeens] 24| 8| 60| 27§ 00| 518,084 | 21,880 50,546 | §] 5,430 ] euul0 wuneeesrmnan.] 1,017,828 | 86, 204,438 [.ueun. U
Saturdy veeveennnas 24 8 60 21k o0 | 570,720 22, 636 60, 065 4 6,700 1. 1,080,000 | 80,014, 850 |veeveerirann
Sunday ...ce areen.] 24 3 00| 27} Q0 | 08D, 085 18, 0656 46,128 3 4,581 |. 830, 804 | 85, 017,408 |sancnivurune
MONANY «vevaennnns 24| 81 el ova| 90| 009,771 20,088 52,600 | ) 5,481 [eurllD cermrmeannnns 046,020 | 83, 651,088 | 11,40 p. m.
Tuesday - - .. 24| 3| ool o7a| oo 630,221 | 20,450 53,828 8] 5900 |.... 050,904 | 86,107, 087 [.vvsme
Weodneaday. o4| 8] ool 273 | oo | es2,0%0 | 21,800 50,078 3 5,831 |.... 1,003,404 | 85,987,225 |..
Thursday. Y al 60| 274 o0 075,541 23 6511 04, 083 3 ¢, 038- 1,104,204 | 87,410,208 |..
Friday.... oo 8| o0 24| 90| 699,000 23,450 05,221 3 5,090 1. 1,173,978 | 88,029, 831, |..
Saturday . 24 3 60| 274 90 | 723, 605 33, 095 85, 212 4 5,080 |.... 1,173,810 | 08,049,002 {.
Sunday.. - 24 3 60| 2T} 90 | 742,051 20, 266 51,200 $ 5,836 |-... 028,828 | 83,676,102 1.
MONALY +onennsrnans 24| 2| 60| 274{ 00| 765,685 | 23,734 61, 635 $ B, 716 |oennl0 ernemnmnans 1,100,430 | 07,824,083 |.eneun.nn.
Tuesday...cuuean weel 24 2 60| 274 00 | 787,305 21, 670 58,710 k3 6,880 {orarlO sumeenanvanes 1, 050, 780 | 85, 024,708 | cuanvaaiian
Totals and averages.| 744 |cemenssmme-- [P [ P 023,760 | 1,595,700 |...... 154,002 |vuees [ PR 28,124,220 | 85, 812,180 {vevnerianenn
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service, and duty, for the month ending May 31, 1881,

PUMPING.
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Teet, Feet. | Pounds, ~| Pounds.) Galls. | Galla, | Pounds. |Pounds.
2160 a8 6,714 | §0 14 259,073 6.4 7 eeeneee. Slack and nut coal costa $2 13 per ton.
22,00 220 &, 687 6 111 200,008 45 16 |iaveenss
22,20 220 5, 638 6 00§ 200,303 LAt 018 |evannnn
22,60 220 5,012 6 03] 20v,000 4.6 630 t.ouanen.
22,11 230 6,871 6 774 260,003 ] LY DO
23,10 230 5,262 G 66 | 201,203 4.4 807 Ll
23,60 230 5,480 5 80| 261,603 4.4 0636 |.....
23, 80 231 6, 831 5 75| 201,800 [ 3L 20 IR R 607 Joeeen,
I 2.11 231 5, 619 ¢ 04| 202,103 [ 7 % PR 510 feansnnss
24,00 29 5,071 045 | 202,402 [/ I R . 602 |..v.nn..
4, 00 231 8, 030 G40 ] 2062703 L1 (3 PO P, “eas 182 (...... Changed boilers.
23, 60 RE1S 5, 395 5701 201003 L V| 10 D e 000 [.......,
£3. 00 200 5,342 65 Th| 263,303 [ 1 " OO PO G55 |.cnen.,
22,10 230 5,108 5 O] | 203,003 |1 3 (R PPN 1L,200 ..., N
22,60 230 5,433 5 841 263,003 6.7 645 |Lveen..
22, 60 230 5, 236 502|204, 441 6.6 642
f P sinsnanfeorons 22,60 230 5, 093 6 47| 204,710 4.1 620 .
[ P T 22,00 230 5,120 B 51| 204820 1.6 617 [... .| Packed L, T, pumnp-piston,
[ [ F. 22,20 230 5,172 b5 65 265,170 b1 .. 062 1...
......................... 22,00 230 5,824 4§ 73| 205,620 47 |.. 778 |... .| Packod L. B, pump-piston,
............ [ N 21, B0 230 b, 304 5 70| 205,870 4.4 705 {... .
........................ 22,50 230 B, 517 5 03| 266,220 [ ] 683 . 1<‘ixtin;gl lonk corner Doundary and Jofleraon
strcots, : :
’ 22,00 230 b, 758 G 18| 266,300 |20 IR S T16 Junens «..| Flre; amall frame on Jeflorson atvect, betwaen
Tighth and Boundary stioets.
28,50 230 B, 480 5 00| 268,700 [ O R . 065 [.erneenn
23.10 231 §, 453 6 8% | 207,190 I 5% N RN s was VLR e
2400 21 G, 185 6 57| 267,500 4.0 [hoiaaa I R 020 [.uveoo..| Thermometor 889 in the shade.
2440 281 6,102 5 48 | 267,000 BB |ivaancncfonnannas 81l |.. .| Thermometer 800 in tho edindeo,
24, 40 23t 5,000 b 48 | 208,800 5.0 |. 078 [.cvvus..| Thermometer 040 in the sbndo.
24, 50 231 5,770 6 21| 208,700 4.8 |.. 103 |. .| Changed boilers.
2410 233 B, 152 6 03 | 260,190 6.1 1. 824 |. -
25. 00 282 B, 64 5 98 | 269,500 6.6 1,832 [rernnnn-
RPN P P RO 230 G, 304 570 | b 10,007 47 2 4 20, 024 20

o State of meter on April 30, 1881,

U Cubie foot,

Average amount of water pranped per 24 hours, in gallons, 926,687.7; averago amount of coal nged per 24 hours, in pounds, 4,998.7;
total cost of cach 1,000,000 gallons pumped, $69.37 (inelnding eonstruetion account); average revolutions per minute of engline, 13.9;
pounds of water raised 1 foot high for each pound of coal consumed, 363,110; pounds of water raised 230 feot high for each pound of

woal consumed, 1,507,

IRA A. TIOLLY,
Superintendent of Water Works,
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PEORIA, ILLINOIS.

Peoria contains a population of 29,259, and is situated on the west bank of the Illinois river, 192 miles above
its mouth, Its site is an elevated plateau, about 2 miles square, one side sloping down toward the river. The
streets are laid out rectangularly.

Water wasg introdueed in 1869 from the Illinois river by pumping direct into the mains; the works are under
munieipal control. The water is taken fromthe river, at a point 2 miles northeast of the court-house, by an iron
pipe 24 inches in diameter and 300 feet long, the end resting in the channel and protected by a sereen, This pipe
enters o basin 86 feet long, 20 feet wide, by 32 feet deep, situated alongside the pump-house about 600 (eet {rom the
river; this was originally intended for a filtering basin. The basin has perpendicular walls, and the bottom is
grouted, cemented, and planked. The pump-well, located 10 feet from it in the engine-house, is 14 feef in diameter
and 23 feet deep below the {loor, and is connected with it by a masonry conduit 10 feet lomg. One wall of the
engine-house is built upon the south wall of the basin, and the flooring is 9 feet above the level of the top of the
Dasin, The basin was never supplied with filtering material, The pump-house of brick containg four sets of
pumping-engines, two Worthington dunplex, bnilt in 1881, one Cameron “special”, built in 1875 at the same time:
with a Dean duplex. A set of Holly pumps, operated by a Holly 2-cylinder fly-wheel-engine, built in 1869, was.
operated five years, and was finally removed in 1879, the whole having cost $48,000.

The Worthington engines have steam-cylinders 25 inches in diameter, pump-cylinders 14 inches in diameter,
with a stroke of 24 inches. There are twelve inlet and twelve outlet rubber-disk valves b inches in diameter, resting
on a sort of gridiron seat and lifting 1} inch. Tho jet-condenser used is 4f by 1§ feet, and containg three perforated
plates 1 foot apart, with a water-inlet at the top 2% inches in diameter and the steam-pipe G inches in diameter for
the two cylinders, The air-pumps are 18 inches in diameter with 12 inches stroke. The pumps are run at about 18
double strokes per minute. ’

The Dean duplex consists of two pumps eoupled to the same shaft with two fly-wheels. The steam-cylinders
are 24 inches in diameter with 20 inches stroke, the puwps being 14 inches in diameter. They are operated at high
pressure, There are two inlet- and two outlet-valyes at the end of each eylinder, the pumps being double-acting ;
they are rubber-dislk valves 74 inches in diameter, with a spiral spring, allowing a lift of 1 inch. The suction- and
discharge-pipes are 10 inches in diameter, and the pumps are operated at from 18 to 30 revolutions per minute.

The Cameron ‘special” is a non-condensing, direct, double-acting pump, with steaw-cylinder 24 inches and
pump-eylinder 12 inches in diameter, and a stroke of' 8 feet, operated at {rom 4 to 6 revolutions per minute, and
contains two inlet and two discharge rubber-faced brasg disk valves, 9 inches in diameter with 1 inch lift, with spiral
springs. The Dean pump cost 86,000, the Cameron $2,600, and the Worthington $17,800.

There are two batteries of two multitubular boilers each, 16 feet Jong by 56 inches diameter of shell, containing
50 3¢-inch tubes in each, burning soft coal from local mines at a pressure of 90 pounds, There have never been any
duty trials nor tests of evaporation. The original boilers cost $3,600, and a new set recently erected cost $4,300.
The capacity of the Dean pump for 24 liours is 2,600,000 gallons; of the Cameron, 1,750,000 gallons; and of the
two Worthington, 5,000,000 gallons.

The pressure at the pump-house for domestic purposes is from 55 to 60 pounds, with the exception of a single
line of 10.inch main which supplies the ¢ bluft” or high parts of the city, on which line the pressure is 90 pounds.
In case of fire this pressure is increased to 150 ponnds, and oun the main service from 110 to 140 pounds. The city
consumption averages 2,000,000 gallons per day distributed to 2,190 takers, through 43 miles of cast-iron mains 4,
6, 8, 10, 12, and 16 inches in diameter, with 263 hydrants, chiefly Elolly’s patent, with a few of the Matthews patent.
The first cost of the water-works was $450,000. The annunal expense of maintenance and repairs amounts to $14,000.

The water taken from the river is exceedingly impure, with a disagrecable odor during a large part of the year.
In the winter when the river is frozen over the odor seems to be increased, and in the boiler-room any eseaping
steam develops this to an unbearable degree. It is asecribed to the pollution of the river by Chicago sewerago.

Tho present superintendent is Mr, T, J. Kelley, and the mechanical engineer, Mr. David Nicol.
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